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NICKEL AIDS THE PETROLEUM INDUSTRY 
to KEEP Em PRODUCING [ 


Oil is ammunition. On every battle 
front, oil is war material number one. 


Besides power for ships and subs, 
planes and tanks, trucks and jeeps, it 
also provides the basic ingredients for 
synthetic rubber, toluene for TNT, 
chemicals, and many other essential 
war materials. 


To meet increased wartime demands 
for oil, field and pipeline equipment 
carries heavier loads. Refineries make 
longer runs at high heats and pressures. 
Engineers add sub-zero cycles and new 
catalysts. Equipment is taxed up to and 
sometimes beyond rated capacity .. . 
precision equipment that cannot be 
readily replaced. 

Despite emergency schedules, how- 
ever, that equipment rarely fails. For, 
since the days when shallow wells were 


THE INTERNATIONAL NICKEL COMPANY, INC., 67 wall st., New York 5,N.¥- 


drilled with wooden rigs and kerosene 
was shipped in oak barrels, oil men 
have relied largely on stressed parts 
strengthened and toughened by addi- 
tions of Nickel. 


The oil industry knows many uses 
for Nickel alloyed materials, from crown 
blocks to drill bits, from sucker rods to 
pressure stills. Alone, or in combination 
with other alloying elements, Nickel 
helps metals resist corrosion, retard 
wear and absorb shock overloads. Prop- 
erly used, a little Nickel goes a long 
way to insure dependable, uninter- 
rupted operation of production and re- 
fining units. 

For years the technical staff of Inter- 
national Nickel has been privileged to 
cooperate with petroleum engineers 
whose pooled information and “know- 


how” are now so vital to Victory. To 
men in all industries who desire assist- 
ance in the selection, fabrication and 
heat treatment of ferrous and non-fer- 
rous metals, INCO engineers and metal- 
lurgists offer counsel ard data. 





New Catalog Index 


New Catalog C makes it easy 
for you to get Nickel litera- 
ture. It gives you capsule 
synopses of booklets and bul- 
letins on a wide variety of 
subjects — from industrial ap- 
plications to metallurgical 
data and working instruc- 
tions. Why not send for your 
copy of Catalog C today? 


* Nickel * 
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of Westinghouse Electric & Mfg. Co. 
September—Last month’s Koda- 
chrome cover showing the extrusion 
of acetate plastics was furnished by 
the Tennessee Eastman Corporation. 


Special Section: Electronics 


Applications of electronic circuits 
are increasing in number. As mechan- 
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ical engineers became acquainted with 
the basic functions of tubes and cir- 
cuits, new uses were found and exist- 
ing applications improved. To help 
engineers secure an understanding of 
this science and how it may be applied 
to better present and post-war prod- 
ucts, a 16-page article on this sub- 
ject is included beginning on page 
643. The section is a complete review 
of how the tubes and circuits operate 
and how they are used in industry. 
References are given to current books. 


Brittle Lacquer Tests 


Development of time-saving pro- 


cedures in the design and production 
of engines and machinery is bound 
to win enthusiastic reception. Swift- 
moving events of the past decade have 


necessitated new testing techniques. 
Propuct ENGINEERING commis- 


sioned R. G. Anderson, engineer in 
charge of stress analysis for the Alu- 
minum Company of America, to pre- 
pare a series of articles on improved 
testing methods. The first article ap- 
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pears in this number on page 611, 
presenting a graphic description of the 
Stresscoat technique. Older testing 
methods and their drawbacks are re- 
viewed. Subsequent articles will de- 
scribe other advanced testing appli- 
cations. 


Sheet Metal Sha 

Classified as to Formability—II 

In the current and concluding arti- 
cle, Leon D. Dame of Lockheed Air- 
craft Corporation, covers three more 
groups of formed sheet metal shapes: 
Smoothly contoured parts; drawn 
cups and boxes; and miscellaneous 
parts. Typical forming techniques 
for these parts are also explained. 
Part I of the article, presented in 
Propuct ENGINEERING for September, 
outlined the method of progressive 
classification as a basis in design of 
similar shapes. 


High-Strength Cast Irons 


The wartime role of high-strength 
cast irons as substitutes for steel cast- 
ings and forgings in machine parts 
has produced an interesting backlog 
of experience that promises to make 
them generally adopted in the post- 
war era. An illustrated article starting 
on page 659 shows a range of uses 
for high-strength cast irons. 


Statistical Handling 
Of Laboratory Data 


Any engineer who has ever had the 
task of drawing up a set of conclu- 
sions based on test data, in which 
there is considerable variability in the 
attributes of the specimens, knows the 


difficulties involved in justifying the 
discrepancies between actual and ex- 
pected values. Dr. E. U. Condon, 
associate director of Westinghouse 
Research Laboratories, see page 615, 
discusses the problem and sets forth 
a few rules for arriving at a reason- 
able hypothesis. To simplify the dis- 
cussion, Dr. Condon omits all mathe- 
matical proof of the theories upon 
which the formulas are based. 


Phenolic-Resin Boards 
For Shock Resistance 


About ten years ago a method was 
developed for producing a plastic 
molding board on _ paper-making 
equipment. This product, when 
molded, possesses high impact 
strength and good moisture resist- 
ance. The molding boards are made 
in varying thicknesses. They can be 
blanked or diced for convenience in 
molding. On page 638, C. A. Nash 
and E. W. Vaill, of the Bakelite 
Corporation, discuss what can be done 
with these boards, emphasizing care- 
ful molding technique. 


Synthetic Gem Production 


Until two years ago, America de- 
pended upon Europe for synthetic sap- 
phires, essential for bearings in pre- 
cision instruments. Wartime stoppage 
of deliveries left the only alternative 
—domestic production. This seemingly 
impossible order has been fulfilled 
within less than two years and corun- 
dum is now being produced in this 
nation in commercial quantities. An 
article on page 668 offers salient in- 
formation on synthetic corundum. 
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Engineering the “Mosquito” 


Probably no airplane now in use has excited more interest and speculation 
than deHavilland’s famed “Mosquito,” the fastest operational aircraft in 
service today. Engineers have shown great interest in the design because the 
primary load-carrying structure is fabricated entirely of wood. The details of 
the wing, fuselage and other parts exhibit strikingly successful practice in wood 
design. Realizing that this was a valuable source of information for its read- 
ers, Propuct ENGINEERING sent one of its editors to Canada to work up a 
detailed story in collaboration with deHavilland engineers. The article will 
contain complete drawings and details of wing and fuselage structures, and 
will discuss stresses in woods, glue lines and different types of joints. A two-page 
perspective of the Mosquito plane will be included. 


New Developments in Steel Castings 


Under the title, “Stee] Castings for Your Present and Post-War Products,” 
Propuct ENCINEERING wili present the third in a series of monthly inserts that 


reveal the latest developments in materials and devices. In line with previous 
inserts of the series, it tersely presents wartime developments in steel castings 
and suggests their possible applications in the design of present and post-war 
products. Included in the section are high-strength castings, improved foundry 
techniques and properties charts of various cast steels. 


Rendering and Reproducing 
Graphic Illustrations 


Choice of effective techniques, 9; 
rendering, and selection of suitable 
methods of reproduction are among 
the many problems confronting 
newly organized graphic-illustration 
department. On page 664, John 
Gonzales, chief of graphic illustration, 
and R. R. Wiese, administrative engi. 
neer, Fleetwings Division of Kaiser 
Cargo, Inc., two of the foremost pio. 
neers in the field of graphic illustra. 
tion, discuss the proper selection of 
rendering and reproduction methods 
for these drawings. 


Modified Standard Thread 


Interested in overcoming objections 
to use of the American (National) 
form of thread in primary aircraft 
structures, Mario Di Giovanni of the 
Curtiss-Wright Corporation, has ar. 
rived at a satisfactory solution through 
modification of the standard thread to 
include a root radius. In an article on 
page 641, he reviews modification pro- 
cedure and cites examples of threaded 
joint applications. 


Pumps for Hydraulic Circuits 


Pumps for hydraulic transmission 
circuits may be classed as those de 
livering a constant volume and those 
delivering a variable volume without 
change in operating speed. Some of 
the more common forms of such 
pumps are illustrated and described 
on pages 636 and 637. 


Corrosion-Proof Finishes 


A metal selling at $10 an ounce has 
a formidable barrier between it and 
engineering utilization. Indium, which 
is such a metal, is not restrained by 
this barrier in a number of applica- 
tions, however, because of the very 
small quantities required to produce 
advantageous results. Characteristics 
of this metal and its applications are 
presented on page 630. 


Helical Spring Charts 


Only five projected lines and some 
simple computations are needed to 
solve any helical spring problem 
within the limits shown on the radial 
chart, see page 681, contributed by 
Carl P. Nachod of Nachod & United 
States Signal Company, Inc. Data on 
which the chart is based includes the 
extra stress of the Wahl factor. A 
nomograph for helical springs, coD- 
tributed by Judson S. Swearingen of 
the University of Texas, see page 682, 
gives stresses in springs made either 
of steel or of phosphor bronze wire. 
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Testing Designs 


Of Machine Parts 
By the Brittle Lacquer Method 


RUSSELL G. ANDERSON 
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Engineer in Charge of Stress Analysis, Product Development Division 
Aluminum Company of America, Cleveland, Ohio. 


A description of brittle lacquer testing procedure for complete stress analysis of engines 


and machinery. Difficulties encountered in using older testing methods are outlined. 


Detailed examples of brittle lacquer applications for determining strain are presented. 


EVELOPMENT of brittle lac- 
1) quer and other strain de- 

tection methods for complete 
stress analysis of engines and ma- 
chinery is playing an important role 
in shortening the time required to 
develop a superior design. 

It is often impossible to duplicate 
exactly al] the conditions that will be 
encountered by a machine when it is 
put into actual service. Older test 
methods call for designing engines, 
building full-sized models and running 
them until a part fails. The failing 
part is then redesigned and the entire 
test procedure is repeated until an 
efficient result is achieved. 

It usually requires: at least two 
years to develop a satisfactory new 
design of aircraft engine by older 
testing procedure and there is no as- 
surance the final design is the best at- 
tainable. New methods of testing and 
design analysis indicate there is little 
probability of arriving at the optimum 
design by the method of running test 
to failure and then “strengthening” 
the parts that failed. 

It is often a mistake to add metal 
































Fig. 1—Illustrating how change of depth 
affects stiffening rib. Section in full 
lines shows proportions generally used. 
Additional metal B does not necessarily 
increase strength whereas reducing to 
section C might do so. Changing to sec- 
tion D which utilizes same amount of 
metal may increase strength materially. 
Axis X-X changes its position but 
slightly for the various metal distribu- 
tions shown in the design of tee sections 
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at the section where a part has failed 
by cyclic stressing. In a construction 
subjected to bending, distribution of 
the load may vary with the relative 
stiffness of the construction at its 
different sections. A simple illustra- 
tion of this principle is found in the 
design of tee sections when subjected 
to bending. 

A machine structure is often made 
of a number of sections which may be 
compared to a tee section. In service, 
tee sections are generally subjected to 
bending. Fig. 1 shows a representative 
section proportioned approximately 
to a standard structural shape and 
three modifications in the shape of the 
section. The illustration indicates how 
the relative strength of a section is 
affected by differences in the distribu- 
tion of the metal over the cross-section. 

A similar example of decrease in 
strength by the addition of metal is 
found in the use of stiffening ribs on 
web sections subject to deflections 
normal to their plane. Metal in the 
web must be deflected or strained in 
order to be stressed. If a deep rib is 
added, the difference in stiffness be- 
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Fig. 2—(Above) Deflecting fixture with brittle lacquer coated calibration bar in deflected position. Amount of deflection ob. 


tained by cam is predetermined to give strains corresponding to Stresscoat 


strain scale. Fig. 3—(Below) Calibra- 


tion bar in Stresscoat strain scale which gives the strain in inches per inch for the given deflection of a bar of specified 


thickness regardless of bar’s elastic material. 


SETTER 
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tween the rib and the web is so great 
that the rib carries practically all of 
the load and consequently may be over- 
stressed. 

Many similar examples could be 
cited. The greatest significance of 
such cases is that failures are seldom 
explained by the results of running 
tests. The tests do not, as a rule, re- 
veal evidence that indicates what 
should be done to eliminate the cause 
of the failure. 

Another important factor that is 
not obtainable from a test run is the 
effect of temperatures at the surfaces 
and within the metal at various points. 
Because fatigue strength decreases 
rapidly with increased temperature, 
the correct method of increasing the 
strength of a part may be to redesign 
it and its associated members so that 
the temperature to which the metal 
is subjected will be reduced. In this 
manner it is often possible to over- 
come the failure, without adding more 
metal or even perhaps by removing 
some metal. 
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The need for test procedures and 
methods for analysis by which the 
actual stress and strain conditions can 
be determined quickly have become 
pressing within the last decade. In- 
creasingly higher gasoline octane num- 
bers, improved engine manifold de- 
signs, higher compression ratios, and 
increased supercharging pressures in 
airplane engines paved the way for 
higher mean effective pressures and 
greater horsepower output. Engines 
had to be redesigned to take full ad- 
vantage of these new developments. 
Conditions created by the war made 
it imperative that product development 
engineers and designers find some 
quick method of developing new or 
improved designs of engines that 
would deliver maximum horsepower 
at minimum weight. 

There are many types of tests or 
methods of procedure used for com- 
plete stress analysis of aircraft en- 
gines or any other machine. Four 
steps of procedure are: 

(1) Determining the strain distri- 


Crack density is measure of strain and the same for any elastic material 





bution qualitatively by the brittle lac- 
quer or some similar method. 

(2) Determining the magnitude of 
the concentrated stresses revealed by 
the brittle lacquer tests, by means of 
strain gages. 

(3) Determining the temperatures 
throughout the aluminum parts sub- 
jected to heat in order to establish the 
allowable stresses. 

(4) Making accelerated tests on re- 
designed parts under conditions dup- 
licating as nearly as possible the tem- 
peratures and load conditions encoun- 
tered in actual service. 

A brittle lacquer method called 
Stresscoat was developed by Greer 
Ellis of the Massachusetts Institute 
of Technology. This method is de- 
scribed in detail in a paper entitled 
“Brittle Coatings for Quantitative 
Strain Measurements,” by A. V. de- 
Forest, Greer Ellis, and F. B. Stern, 
Jr., published in the Journal of Ap- 
plied Mechanics for December, 1942. 
The “lacquer” used may be a limed 
K wood resin dissolved in carbon di- 
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sulphide. When the lacquer is painted 
on a surface and dries, it forms a film 
that is extremely brittle. Thus if the 
material to which the lacquer has been 
applied is strained, the coating must 
crack, the cracks running in a direc- 
tion perpendicular to that of the maxi- 
mum principal tensile strain. For a 
given strain the distance between the 
cracks will depend upon the thickness 
of the coating and its brittleness. The 
latter is affected by temperature and 
humidity, a temperature rise of 8 deg. 
F. may be sufficient to increase the 
strain required for rupture by as much 
as 0.001 in. per in. By the addition of 
plasticizers during the formulation of 
the lacquer, the strain required to 
rupture the film under different condi- 
tions of temperature and humidity can 
be controlled. 

Brittle lacquer for stress investiga- 
tions is usually compounded so that 
when dry the film will rupture under 
a strain of about 0.0004 to 0.0006 in. 
per in. at the temperature and humid- 
ity at which the test is to be conducted. 
Greater sensitivity is not practical as 
the Stresscoat would then craze be- 
cause of the expansions taking place in 
all directions with small changes in 
temperature. 

When strains in a part are to be 
investigated by the Stresscoat brittle 
lacquer method, the surface of the 
piece is cleaned and sprayed with a 
thin coat of aluminum paint. The 
only purpose of this coating is to serve 
as a reflecting medium in order to 
make the cracks in the Stresscoat more 
readily visible. Cantilever calibration 
bars are prepared in the same manner 
and both the calibration bars and the 
piece to be investigated are sprayed 
with brittle lacquer, care being taken 
that the two coatings are of the same 
and proper thickness. 

The Stresscoat should be at least 
0.003 in. thick. The optimum thick- 
ness is 0.005 in. and the maximum is 
0.008 in. The density of the cracks 
is the measure of the strain, hence the 
maximum distance between cracks 
will represent the lowest measurable 
strain. If the coating is too thick, it 
will not be sensitive to small changes 
in strain. On the other hand, if the 
coating is too thin the distance be- 
tween cracks even at low strains will 
be so little that accuracy will be lost 
m attempting to judge quantitative 
values. 

After the piece to be tested and the 
calibration bar have been sprayed, 
they are placed in a controlled atmos- 
phere and allowed to dry and harden 
for at least 18 hours. Whatever drying 
time is allowed, the same should be 
used for every Stresscoat application. 
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SECTION A-A 








Fig. 4—Sketch of a crankcase diaphragm showing the application 
of stiffening ribs. Rib section shown solid was unsatisfactory. 
The rib proportions shown dotted gave improved fatigue life 


After drying, the part to be stress 
analyzed is subjected to load and the 
Stresscoated calibration bar is de- 
flected as a cantilever beam as indi- 
cated in Fig. 2. From the known 
length and thickness of the bar and 
the known deflections applied at the 
end of it, the tensile strain at every 
section can be determined directly as 
shown in Fig. 3 by placing the bar 
in the Stresscoat strain scale. 

Spacing of corresponding cracks in 
the brittle lacquer on the top surface 
of the cantilever establishes the cali- 
bration in terms of strain in inches 
per inch for the crack spacing or 
crack density in the Stresscoat of the 
machine part tested. It is emphasized 
that both tests must be conducted at 
the same temperature and same rela- 
tive humidity and at about the same 
time, that is, within a period of a few 
minutes. 

The procedure described applies to 
analysis of tensile strains only. The 
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Stresscoat method can also be used 
for determining the pattern of com- 
pression strains. The only difference 
in the procedure is that the machine 
part to be stress analyzed is first pre- 
pared for the brittle lacquer coating 
as described and is then loaded. While 
the part is under load, it is sprayed 
with the lacquer and dried for at least 
16 hours. The load is then released, 
allowing the metal to return to the 
position it was in before the load was 
applied. The stress pattern of cracks 
formed in the brittle lacquer when 
the compression load is released is 
analogous to that established when a 
Stresscoated specimen is subjected to 
tension. 

Another method of obtaining an 
analysis of compressive strains is to 
coat the machine part using the same 
procedure as followed for tension 
strain. The load is applied and held 
for sufficient length of time for the 
lacquer to flow plastically until equil- 
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Fig. 5—Wrist-pin boss in a piston that had been Stresscoated and tested. The Stress- 
coat cracks indicate circumferential tensile strains at edge of wrist-pin bore. Note 
concentration of cracks in line with the rib located on the inside of the piston 


- 


Fig. 6—Stresscoated piston that was tested for both tensile and compressive strains 
in one test. Compressive stresses are indicated by negative values and tensile stresses 
by positive values. The Stresscoat cracks in areas under compressive strains are visible 


ibrium is reached in the lacquer. This 
generally requires two to three hours. 
The lacquer will crack upon removal 
of the load and cause the formation 
of characteristic patterns correspond- 
ing to the load which was removed. 
Regardless of the type of loading, 
apparent stress is computed by multi- 
plying strain by the tension modulus 
of elasticity of the material. By ex- 
perience and improved technique, the 
accuracy of the stress values obtained 
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by the brittle lacquer method can be 
within plus or minus 10 percent for 
normal working stress. The accuracy 
can be increased only to the point 
where the stress starts to cause perma- 
nent set in the material. 

The significant value of this test lies 
in the fact that it clearly indicates, 
and in a positive manner, the pattern 
of the stress distribution on the sur- 
face. 

Normally, a single Stresscoat ap- 


plication and test are sufficient to ip. 
dicate clearly the stress distribution, 
However, if it be desired to make a 
complete study of the stress pattern, 
it may be necessary to make a number 
of Stresscoat tests. 

A complete analysis of the distribu. 
tion of stresses by means of the brittle 
lacquer method often will reveal basic 
weaknesses in the design of a machine 
part. Most failures in machines occur 
because the stresses are not distrib. 
uted properly rather than because the 
part has insufficient metal to carry 
the load. Examples of such failures 
are often found in the use of ribs to 
strengthen plates, levers, or similar 
elements. 

A sketch of a crankcase diaphragm 
is shown in Fig. 4. Because of failure, 
ribs were added to “strengthen” the 
diaphragm. These ribs have quite a 
height which when added to the thick- 
ness of the web gives a section similar 
to “B” in Fig. 1. Because stiffness 
varies at the cube of the depth, the 
rib is roughly 27 times as stiff per 
inch of width as is the web. Obviously 
the rib section will therefore have to 
carry most of the load because of 
the small amount of deflection or 
strain in the web metal adjacent to the 
rib. Unless the ribs are adequate to 
carry most of the load, they will fail. 
And if the ribs are designed to carry 
most of the load, the metal in the 
web may be reduced. Actually, when 
the ribs were changed, the fatigue 
life was appreciably increased. 

Another illustration of the applica- 
tion of Stresscoat for determining 
stress distribution is shown in Figs. 
5 and 6. Fig. 5 shows a wrist-pin 
boss, coated with Stresscoat and 
loaded as in actual service. Only the 
tensile strains are shown. In Fig. 6, 
the Stresscoated piston was loaded 
and the tensile strains marked. After 
the load was held for sufficient time 
for the Stresscoat to reach its new 
equilibrium by creep the load was re- 
moved. Cracks shown in Fig. 6 de- 
veloped in regions where compressive 
strains existed under load. 

When the stress pattern is estab- 
lished completely by the brittle lac- 
quer or Stresscoat method, it is usu- 
ally possible to modify the design of 
the part to improve the stress distri- 
bution. The next step is to determine 
the magnitude of the stresses, especi- 
ally those at points of stress concen- 
tration. Of the several methods that 
can be used, the most accurate is 


strain gage measurements. New in-. 


struments and techniques developed 
for making and interpreting strain 
gage measurements will be described 
in the next of this series of articles. 
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Statistical Handling 





Of Laboratory Data 


E. U. CONDON, Associate Director, Research Laboratories, 
Westinghouse Electric & Manufacturing Company 


Method for evaluating the significance of conclusions or inferences that might be 
deduced from data derived by testing a sample lot of items which have something 
in common but which also differ with regard to some of their attributes. 
Examples are given to illustrate procedure in applying method. 


N OUTSTANDING characteristic 

of many laboratory tests is a 

wide variability from specimen 

to specimen in the results of the test. 

Whenever this situation occurs one is 

faced with the problem of evaluating 

the significance of conclusions which 
might be drawn from the data. 

Modern statistical methods are ap- 
plicable in many such cases. The ob- 
ject of this article is to present a few 
simple illustrative examples as a stim- 
ulus to wider study and application of 
these methods. Two advantages are: 
Better understanding of the interpre- 
tation of the test data, and better ways 
of planning a test program to get valid 
results with least effort. 

Many people have the idea that 
statistical methods require a vast 
amount of test data. That is not true. 
In order to correct this mistaken view 
and because of its greater practical 
interest, emphasis will be placed on 
examples based on small samples of 
data. The mathematical theory is 
rather difficult, so the ideas will be 
presented without proof. 


Idea of Population 


Statistics are concerned with the 
description and study of an assem- 
blage of objects which have something 
in common but which differ with re- 
gard to some of their attributes. Such 
a set of objects is referred to as a 
population, made up of individuals. A 
population, for example, might be the 
product of a particular automatic 
screw machine, set up in a certain 
way, as operated on a particular shift. 
The individuals would be the separate 
items of product. 

A population need not have actual 
existence. For example, if a dozen 


porcelain tensile test specimens are 
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made, the data obtained on them will 
be discussed as if they were a sample 
drawn from a large batch of test speci- 
mens which might have been made in 
the same way, even though actually 
the particular 12 under test are all 
that have been made. It is the attri- 
butes of the individuals which are of 
interest. A sample lot of individuals 
are drawn and tested for their attri- 
butes. From the data obtained, state- 
ments of inference are made about the 
population from which the sample 
was taken. 

The quantity of the sample taken is 
as small as possible for economy of 
effort. Also, some tests are destructive 
and one wants to learn about the pop- 
ulation without destroying it. 

Obviously, a complete description 
of the population requires an exact 
census in which the attributes of in- 
terest are listed for each individual. 
Evidently such exact information can- 
not be learned from a sample. 


Inferences From a Sample 


It is important to have a clear idea 
of the nature of the inferences drawn 
from a sample of the population. 
Since exact knowledge cannot be de- 
rived from the sample, care must be 
used in phrasing statements in such a 
way as to keep this in mind. 

The situation is usually like this: 


1. Individuals of a particular sam- 


ple of the population have been meas- 
ured. 

2. A particular hypothesis about the 
population is made. 

3. The fraction of all random sam- 
ples is calculated which would give a 
result which departs from the hypothe- 
sis as much as or more than the sam- 
ple in hand. 

4. If this is quite small, say 5 per- 
cent, this means that the sample in 
hand would be a rather unusual one to 
draw from a population of the type 
postulated. 

5. But this does not permit one to 
infer with certainty that the popula- 
tion is not as postulated—because 
there is always the possibility that 
this sample is a most unusual sample. 

6. Nevertheless, if the fraction is 
small, the first hypothesis about the 
population is tentatively rejected and 
one is looked for which would by ran- 
dom sampling give a sample of the 
kind actually obtained in a larger 
fraction of the instances. 

Next consider a particular example. 
Two samples of porcelain test speci- 
mens are prepared. The first sample 
is made with glaze A, the second with 
glaze B. They are tested in a partic- 
ular testing machine. Table I gives 
the results of the test. 

Note that with glaze A, 95 percent 
pass the test, while with glaze B, 81 
percent pass. Is this convincing evi- 
dence that glaze A is better than B 


Table I—Test Results on Porcelain Specimens 











Glaze Number O. K. Number not O. K. Total 
A 62 (57.2) 3 (7.8) 65 
B 35 (59.8) 13 (8.2) 68 
Ce Pee tac a 117 16 133 

















| 
| 





with respect to this particular test? 
This question can be treated by 
means of the X’ test as follows: 


1. No real difference is postulated, 
that is, these are just two random sam- 
ples drawn from a homogeneous pop- 
ulation in which the fraction not defec- 
tive is 117/133. The number in pa- 
renthesis in Table I give the numbers 
to be expected in each class on this 
hypothesis. 

2. Calculate X*. This is defined as 
the sum of the squares of the discrep- 
ancies between actual and expected 
value each divided by the expected 
value. Hence from Table I 


_ (3 —7.8)? , (13 — 8.2)? 
ee ee 
(62 — 57.2)" , (55 — 59.8)" _ 
57.2 59.8 

3. It is shown in the general mathe- 
matical theory that, in samples drawn 
at random, the probability of X* hav- 
ing values greater than various 
amounts is as shown in Fig. 1. From 
this it is seen that such a large value 
of X’ is not to be expected in more 
than one percent of the cases by ran- 
dom sampling. 

Following down to Step 4 of the 
preceding list, since one percent is 
quite small it is noted that it would be 
very unlikely to draw such a sample if 
there were no real difference between 
the two glazes. The inclination is to 
regard the data as rather convincing 
evidence that glaze A is really supe- 
rior to glaze B. But, reiterating Step 
5, there is always the possibility that 
there is no real difference and that 
this is an unusual sample. In other 
words, one cannot get certain knowl- 
edge from a sample—only that which 
the X? test enables one to estimate how 
improbable it would be to get the 
data at hand if there were no real dif- 
ference. 
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Normal Distribution Law 


In many populations the number 
of individuals having a quantitative 
attribute the value of which is between 
X and X plus dX is given by 


u a 
V29re 2 @ 





2 
dX = Y(X) dX 





This is popularly known as the Gauss 
error law. It contains two parameters, 
which is the arithmetic mean of 
all the values of X, and c called the 
standard deviation of the population, 
which is 


ot = fT (X — wt ¥(X)aX 


That is, ¢ is the root-mean-square of 
the deviation from the mean. 
It is important to recognize that 
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this distribution, though it extends to 
infinity actually has such very small 
values for 


(X — pw) >3¢ 
that a very few individuals of the 
population are to be found there. This 
is readily seen by reference to Fig. 2 
which is based on standard tables of 
the integral of the Gauss error curve. 

From a population of individuals, a 
population of samples can be derived 
by drawing a large number of sam- 
ples of size N from the original popu- 
lation. 

The parameters of the population of 
samples of size N with regard to their 
arithmetic mean are related to those 
of the original population as indicated 
in Table II. The mean of the means 
of samples is the same as that of the 
original population, but the standard 
deviation of the mean of JN is smaller 


by the factor 1/\/N. This result is well 
known in engineering and is used in 
estimating “probable error” of the 
mean of a number of measurements. 

An example of the use of this result 
follows: 

Suppose a certain type of cotton 
thread has a mean breaking strength 
of 7.50 oz. and that the standard devia- 
tion is 1.20 oz. These are supposed to 
be known from previous measurements 
on thread of this type. Inspection of a 
particular shipment of a sample of 9 
pieces gives a mean strength of 6.52 
oz. Is this to be regarded as significant 
evidence that this shipment is inferior? 

The original population is that of 
single samples for which 
pw = 7.50 
o = 1.20 
The derived population is that of mean 
of the strength of samples of NV equals 
9 from the population for which 


2=750 _ 
o = 1.20/V 9 = 0.40 


The observed departure of the sam- 
ple of 9 in units of the standard devia- 
tion is 
6.52 — 7.50 
Xx = —— 2.45 

The object of this analysis is to test 
the hypothesis that this particular 
sample is really drawn from thread of 
a type homogeneous with the original 
population. From Fig. 2 it is seen that 
a deviation of this magnitude or more 
would occur in less than one sample in 
a hundred. This does not disprove the 
hypothesis, but does give a highly 
significant indication that this sample 
came from a different population. 

Consider this question: Continuing 
the discussion of nominally the same 
thread, a sample of 9 pieces from sup- 
plier A gives a mean strength of 6.52 


oz. and a sample of 16 pieces from 
supplier B is 9.92 oz. Does this pro. 
vide a significant indication that the 
product of supplier B is stronger than 
that of supplier A? 

No difference between products of 
B and A is postulated, so both sam. 
ples are regarded as drawn from the 
same original population for which 

zw = 7.50 
o = 1.20 


A population of means of samples of 
9 has 


uw = 7.50 
o = 0.40 
and a population of means of samples 


of 16 has 


To complete the analysis another re- 
sult is needed. If X, is distributed nor- 
mally with the parameters (1, 6,) and 
X, is distributed normally with the 
parameter (2 62), then (X, — X,) is 
distributed normally with parameters 


Mi pa, and Vor + of 
Hence a population which is itself the 
population of differences in mean of 
sample of 16 minus the mean of sam- 
ple of 9 has the parameters 
uw = (7.50 — 7.50) = 0, and 
o= V0.40? + 0.30? = 0.50 
The sample difference under con- 
sideration has a value 
9.92 — 6.52 = 3.40 
so the deviation in units of c is 6.80. 
From Fig. 2 it is seen that such a value 
occurs with extreme infrequency, say 
about once in one hundred thousand 
million. This is convincing evidence 
of a significant difference between the 
product of supplier B and that of A. 


Fluctuation in Fraction 
Defective 


Suppose a large warehouse is full 
of objects of which a fraction posses- 
ses a certain qualitative attribute. 
For example, the objects may be any 
industrial product and the qualitative 
attribute may be defectiveness as de- 
termined by some established test. 

Let a population be formed by tak- 
ing from the warehouse a large num- 
ber of random samples of N objects. 
Each sample is an object in this popu- 
lation and these objects have a quan- 
titative attribute, namely, the num- 
ber of items in it which possess the 
qualitative attribute in the original 
warehouse. 

This qualitative attribute can only 
take on the integral values 


= eee (N—1),N 
It is easy to show that the distribution 
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function for the samples of size N 
which contain n items having the 
qualitative attribute is 
N! 
f(n) = "vy —oay (v — nyt P” 9 
whereg = 1 —p 
It is easy to calculate that the mean 
value of n is Np and the standard 
deviation is \/Npq. 

Whenever N and Np are large 
enough, the distribution f(n) is quite 
accurately represented by the normal 
law with the same parameters 


N-8 


n= Np 
o = VNpq 


If N is large but p is so small that 
Np is small, then f(n) is quite accur- 
ately represented by another formula, 
known as the Poisson distribution, 


f(n) =H em 


It may be preferred sometimes to 
describe the samples in terms of frac- 
tion of the sample having the attri- 
bute instead of the number having it. 
This quantity is n/N and for it, there- 
fore, 


The following are illustrative ex- 
amples: 


(1) Suppose 2 percent of a factory’s 
output is defective. What is the proba- 
bility that a sample of 10 articles has 
0, 1, 2, 3, or more than 3 defective? 
By the exact formula p = 0.02, q= 
0.98, so 


f (0) = (0.98) = 0.817 
f (1) = 10 (0.02) (0.98) = 0.166 
f (2) = 45 (0.02)? (0.98) = 0.015 
f (3) = 120 (0.02) (0.98)? = 0.0008 





Total = 0.999 


Probability for more than 3 being 
defective is 


1 — 0.999 = 0.001 


(2) One thousand articles from a 


‘factory are examined and found to 


contain 30 defective. Fifteen hundred 
articles from a second factory contain 
30 defective. Is this significant evi- 
dence that the second factory’s prod- 
uct is generally superior to that of the 
first? 

No significant difference is postu- 
lated. Lumping the two samples to- 
gether, there are 60 defective in 2,500, 
from which it is estimated 


60 


eas 2,500 = 2.40 per cent 


Table II—Relation Between Arithmetic Means and 
Standard Deviation 








Original Population of 
Population N Size Samples 
Mean m << 
Standard deviation ° a/VN 
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A population of N equals 1,000 sam- 
ples would have as parameters for its 
fraction defective 
pu = 0.0240 
0.0240 X 0.9760 
oom 








oO; = = 4.84 x 10-3 

and a population of samples of N 
equals 1,500 has as parameters 

pn = 0.0240 

o2 = 3.95 X 103 

Hence the parameters for the differ- 
ence of pairs of such examples is 

wp =0 

o = Vor + of = 6.24 X 107 

In the pair of samples under consid- 
eration, there is a difference of 0.01 
on a standard deviation of 6.24 times 
10, hence the value is 1.60 times the 
standard deviation. From Fig. 1 it is 
seen that such a deviation should oc- 
cur by chance in about 5 percent of 
such pairs of samples. Hence this is a 
fairly significant indication that a real 
difference in the two factories exists. 


IMPORTANT REFERENCE BOOKS 
ON STATISTICAL METHODS 
Statistical Methods for Research 

Workers—R. A. Fisher. 

Statistical Methods Applied to Experi- 
ments in Agriculture and Biology — 
G. W. Snedecor. 

An Introduction to Modern Statistical 
Methods—P. R. Rider. 

An Engineer’s Manual of Statistical 
Methods—L. E. Simon. 

American War Standards Z1.1, Z1.2 
and Al.3—American Standards Associa- 
tion. 

Economic Control of Quality of 
Manufactured Product—W. A. Shewhart. 
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WARTIME DESIGNS 





Sten Machine Gun Design 
Permits Mass Production at Low Cost 






| ippeatie wgpalay ease of assembly and dis- 
assembly on battlefields, and minimum 
servicing requirements are features of the Sten 
gun which is being produced in Canada at a 
unit cost of less than $12.50. Secret of devel- 
opment lies in simplicity of the design and 
the abundant use of stamped parts. Highly- 
machined parts are virtually eliminated. The 
gun needs no oiling, weighs 7 lb., 4 oz., fires 
500 rounds of 9 mm. ammunition per minute. 





618 Propuct ENGINEERING — OctToser, 1943 














Car 
bach 
the 
chin 
seat 
whic 
into 
a st 
into 


bly 


But 
asse 
sim} 
tica 
tion 
plat 
sna] 
whi 


Pre 












| dis- 
mum 
Sten 
ata 
level- 
and 
ghly- 
The 
fires 
nute. 



























DSSS = 
eT 


SS 


J 


Pa Cocking handlle 








— 








— Fe 8 5 





ame 





& 
s 








Barrel 
s/eeve 
/ 


/ 
‘ 


assembly 
/ 


Barre! 
/ 


Foresight 








Breech block 








e 











ae 


cover ----"~ o 
Tripping lever --~ 


Foresight. A paw! ---" 
Sr 


y 


Tripping _.-" - 


Return spring 


housing 
Sear axis ' Reh c 3 
in) - 

Bi Retyen® | Retr gering 

‘ a tated ; / 

{Searp 7 ff 

; 3. 2 ' ! Spring-loaded - 

=a k f cop locks butt lee 
meee a In position 

eB pn - po 
‘ tie 


= 


—< 





fe) 





\ . 
Trigger °~ Trigger 





1 A hy 0) 








~ 
~~ 
oa 


i Ye \ 
/ A \ 
Barrel Magazine 
assembly housing 
assembly 




















Pin 





r af = ee 
/ == 
Butt “Ss 
pir Weld —---~ 
Plate --- 
tty 
ig . 
OF ge 
aroma 
eas 5 








Carbine operates on simple blow- 
back principle. Breech block, one of 
the few parts requiring heavy ma- 
chining, is of bar stock. Recoil spring 
seat is formed steel cup. Button latch, 
which locks butt in place, is pressed 
into cup bottom. Retaining ring, also 
a stamping, fits over cup and locks 
into position on barrel. Entire assem- 
bly can be snapped out quickly. 


Butt was first designed as a welded 
assembly of tubing and plates. To 
simplify production and eliminate cri- 
tical tubing, the butt is now a U-sec- 
tion stamping, welded to a latching 
plate. Butt attaches to body of gun 
snapping into position over a latch, 
which is loaded by the recoil spring. 


i 
‘ 
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Magazine Housing of Sten Gun (continued) 
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Magazine housing js basically a 
two-piece assembly. Lower part, illus- 
trated above, is screw-locked in posi- 
tion over barrel. It is made up of a 
short section of tubing. A mouthpiece, 







Magazine ve 
formed tubing 


Thin steel tubing formed to rec- 
tangular shape makes up the magazine 
housing which fits into the mouthpiece 
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which can be made from a special 
section or of folded strip, is welded to 
the tube. Since some shrinkage occurs 
on welding, the tubing has an inside 
diameter of 1.505+0.003, and outside 


described above. Loading spring is of 
special shape. Spring seat is stamped 
out of sheet. After magazine is loaded, 
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diameter of 1.698—0.004. Inside di- 
ameter is machined down to 1.50 after 
mouthpiece and boss are attached by 
welding. Details of connection to gun 
barrel are shown on preceding page. 


Loading spring 


Formed 
spring 
sear 


\ 








spring is locked in place by sliding 
plate which snaps over projection 
formed in spring seat manufacture. 
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Electronic 


Control 














Conserves Paint 


ETAL SHELLS for tubes are car- 

ried on a small conveyor before 
two spray guns. Occasionally a tube 
shell is missing, causing a gap in the 
line. When two adjoining sockets are 
empty, this electronic control circuit, 
devised by RCA engineers, shuts down 
sprays. A single gap breaks contact but 
the circuit is maintained by partial dis- 
charge of a condenser. 
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Thin Sheet Stainless Steel 


Welded into Lightweight 
Water Storage Tanks 
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Formed hand grip 
spot welded to tank 





Rolled over 
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ELDING of thin sheet steel in the fabrication of 
various products and structural members is becoming 
increasingly important to designers. Improvements in weld- 
ing equipment enable production of strong spot and seam 
welds through close and automatic control of welding tem- 
peratures and timing. Such equipment is used now in the 
fabrication of aircraft and other military equipment. The 
experience gained will be valuable after the war for pro- 
ducing sheet steel products that will compete in the low- 
weight field with such materials as aluminum, magnesium, 
plastics and plywood. 

This 4% gal., 444 lb. water tank, made of 0.016-in. 18-8 
stainless steel, is of all-welded construction. Edward G. 
Budd Manufacturing Company employs its “Shotweld” 
system and roller-welding method on all seams. Ten spot- 
welds attach the hand grip to the tank and two lugs to the 
filler base plate. 

The cylinder is first formed by a mandrel to the desired 
inside diameter. Indirect Shotwelding holds this diameter 
during the roller seam-welding operation and overlap is 
1s in. Seam welds consist of a series of 16 overlapping 
weld spots per inch. No caulking or soldering is necessary 
to make the joint water and pressure tight. 

The filler cap base plate is welded in two operations, 
the first, requiring a machine with roller axes parallel to the 
jaws that extend into and over the cylinder wall, and the 
second a machine having roller axes perpendicular to these 
arms. The two ends are tack welded in position and then 
seam welded. The roller is small enough to clear the dish 
on the end pieces. Exposed edges of the tank are smoothed 
and reinforced by flanges which are rolled over after weld- 
ing. Curved surfaces throughout improve rigidity and pre- 
vent vibration from the swashing action of a half-full tank 
while being carried. The hand grip is formed from 4 
rectangular piece of sheet without scrap. 

If such a tank were used for carrying milk or other food 
it would be necessary to apply the welding close to the 
inside edges to prevent milk from getting under the seam. 
Such crevices might be filled by special lacquer or high- 
melting wax when used for food. Ease of sterilization is 
one of the features of the design. 
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Spray Nozzle Machined Out of Polystyrene 


XTRUDED BAR STOCK machined to shape is holes are drilled at an angle to the nozzle face. These 




















































































used in this spray nozzle produced by Plax Corpo- holes must be located accurately as spray action de- 
ration. Nozzle is a three-piece assembly—a hose fitting, pends on impingement of the streams forced through 
ring and nozzle head. Polystyrene was selected for each hole. Plug fitting is grooved to receive hose. 
this application because it has good acid resistance and Washer is inserted between ring and nozzle piece at 
can bemachined readily to close tolerances. Two tiny final assembly. Filter is located in nozzle recess. 
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Pressed Metal Replaces Machined Forging 
For Rifle Trigger Guard 


EAVY wartime pressure on facili- 
ties needed for forging high- 
strength ordnance parts has led Cana- 
dian engineers to adapt stamped as- 
semblies wherever possible. Savings in 
man-hours, machine tools and cost are 
realized. Ordinary steels replace alloy 
steels used in the forgings. A typical 
example is the trigger guard on the 
Canadian Army rifle No. 4 Mark 1. 
Above left are the original forging 
and the new pressed design. Various 
steps in producing the pressed part are 
shown above right. Details of both 
designs are given in the line cuts at 
right. The close tolerances held in the 
design necessitated considerable ma- 
chining of the forged part. The re- 
design, shown below, requires a mini- 
mum of machining time. 
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Portable Refrigerators Developed for U. S. Navy 


EFRIGERATORS for use by the fighting forces might have 

to operate on merchant vessels equipped for 115 or 230 
yolts d.c.; they might have to operate on fighting ships where 
only a.c. is available; or they might be used in remote locations 
where electric power is not available. Faced with this problem, 
engineers of Weber Showcase and Fixture Company developed 
the Type H portable refrigerator which has a compact dual 
motor, capable of operating on either 115 or 230 volts d.c. or 
50 or 60 cycle a.c., and includes a gasoline engine generator 
able to supply 2 kw. of d.c. Operation, whether on outside 
electrical supply or engine-generator supply, is automatic. 



























vail Box is basically a welded steel frame over 
which heavy gage steel sheets are con- 
tinuously welded. Interior, lined with 
heavy-gage galvanized steel, is insulated 
with Fiberglas blankets. Exterior is fin- 
ished with two coats of weather-resistant 
enamel applied over a primer coat. 


Gasoline 
engine 





Mereury-actuated cluteh allows en- 
gine-generator to develop full horsepower 
before compressor load is engaged. Com- 
pressor is air-cooled, rated at 1 hp. Con- 
denser of 11% hp. is installed adjacent to 
louvred door opening. Dual fans direct 
airflow over entire condenser area. 
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SUPERPLANES FOR THIS WAR: 


Designation of the Flying Fortress 
and the B-24 Liberator bombers as 
“the last of the little bombers” is far 
from whimsical in the light of the pre- 
dictions made by Gen. H. H. Arnold, 
commanding general of the Army Air 
Forces in an article in the September- 
October issue of Army Ordnance. 

From his position of authority, 
Arnold predicts for the “near future” 
bombers which will “dwarf” the For- 
tress, and which will carry “half a car- 
load” of bombs across the Atlantic and 
return non-stop. These flying ammu- 
nition dumps will be dotted with 
multiple-gun turrets controlled from 
sighting stations, sighted by devices 
as “revolutionary” as the present 
bombsight, which will compensate “for 
almost every possible error encoun- 
tered in firing on a fast-moving target.” 
“Eyes” will guide the ship and plot the 
course of intercepting aircraft. The 
plane’s guns may be “heavy-caliber 
cannon of an entirely new principle of 
operation.” Bombs will be of an en- 
tirely different design. “Fighter 
planes will have advanced almost be- 
yond recognition in form and in the 
combat equipment they carry.” 


Heavier Cannon In Fighters 


The 37-mm. cannon, about the 
heaviest armament commonly carried 
by today’s fighters “is by no means the 
end of the trail,” Arnold asserts. 
“Much additional work has been done 
on heavy equipment, and planes with 
surprising developments in heavy air- 
craft cannon will soon appear on the 
combat fronts.” 

Arnold revealed a new development 
in fragmentation bombs, which far 
surpass those of the last war when 
such bombs were shattered by their 
explosive charge into 200 to 300 pieces 
of forged shell, fewer pieces of cast 
steel shell and “a considerable amount 
of ineffective powder. 

“Our fragmentation bombs of to- 
day,” Arnold disclosed, “consist of 
steel cylinders with end caps and con- 
tain an explosive core of TNT. A 
spiral coi] made from rectangular iron 
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rod covers the outside of the cylinder. 
This breaks into 1,000 to 1,500 pieces 
of about 0.3-0z. average weight, having 
velocities up to 4,000 ft. per sec. At 
200 ft. the fragments will go through 
an airplane wing or gas tank, tires and 
control wires, or perforate radiators 
and intercoolers.” 


VITAL MEN PROTECTED: 


The United States Employment 
Service will be given a chance to pass 
on the induction of men engaged in 
one of the 149 critical occupations 
(Propuct ENGINEERING, Sept. 1943, p. 
550) in essential industry. While this 
does not automatically mean that 
USES can keep a man from being 
drafted, since decisions of local boards 
are still final except on appeal to the 
President, it constitutes a safeguard 
against indiscriminate drafting of 
single or childless men by draft boards 
opposed to the induction of fathers. 
USES may recommend deferment of a 
man slated for induction by a local 
board. Local boards were advised by 
national headquarters to give “most 
serious consideration for extended... 
deferment” to registrants who have 
skills covered by the critical job list, 
who are exercising them in an essen- 
tial industry and whose induction 
would hurt production. Boards are to 
refer such cases, which they choose not 
to defer, to USES, and issue a 30-day 
stay on induction, during which time 
USES will attempt to determine all the 
facts about the registrant. If USES 
feels the registrant to be necessary, 
employers will be allowed additional 
time to file a request for deferment 
and, on filing of such a petition, the 
draft board will reopen the case, pre- 
sumably with USES data before it. 


MOLDING MACHINES NEEDED: 


Members of the Thermoplastic Pro- 
cessors Industry Advisory Committee 
have suggested that WPB investigate 
the possibilities of requisitioning idle 
molding equipment or machines oper- 
ating on non-essential civilian produc- 


tion. The suggestion grew out of 





dissension between various industry 
representatives over the method of 
making extra molding capacity availa- 
ble to war contractors who are unable 
to meet schedules because of a short- 
age of machines. One faction advo- 
cated that new equipment be made 
available to war contractors, Others 
suggested the requisitioning of idle or 
other equipment not being used on war 
contracts. War contractors have not 
been able to lease or buy sufficient of 
the. idle equipment to meet their 
schedules. 


BUCK ROGERS STUFF: 


Operating on the theory that the 
Germans and Japs must have captured 
at least one of the legendary “baz- 
ookas” apiece by this time, the Ord- 
nance Department two weeks ago 
opened the book for a brief lesson on 
the weapon which gives the foot sol- 
dier “the certain knowledge that he 
is the master of any tank which may 
attack him.” 

By no means was all of the baz 
ooka’s story made public, but enough 
of it was divulged to mystify the lay- 
man who thinks of shoulder firearms 
in terms of a shooting gallery .22. 
“Now-it-can-be-told” details include: 

The weapon is about 50 in. long 
with a smooth bore of about 2% in. 
Attached to the tube’s bottom is a 
shoulder stock and two pistol grips. 
with the trigger mounted on the right- 
hand grip. The weapon is fired elec- 
trically with current provided by a 
battery recessed in the stock. A spare 
battery is included. 

The projectile is a six-finned rocket 
about 2 ft. long, with the explosive 
charge contained in a head perhaps 
8-in. long and of almost the same bore 
as the tube. Fins are mounted on a 
tail rod which contains the propelling 
charge. The projectile is loaded man- 
ually and fastened in the rear of the 
tube by engaging the tail latch in un- 
painted nicks in the fins. The circuit 
is closed by pulling the trigger. 

There is no recoil, but all men must 
stand clear of the open breech to 
avoid the rush of flame which spurts 
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Consisting of a tube open at both 
ends, the “bazooka” is used for anti- 
tank and anti-fortification work by 
foot soldiers. The square arrangement 
on the muzzle houses the sights. The 


This projectile looks like it would 
not bother a moderately-strong frame 
house, but when fired from the 
“bazooka” gun it will open up any 
tank which has yet faced American 





stud atop the tube behind the left 
hand grip is the rear sight. The box 
on the tube over the gunner’s shoulder 
houses part of the electrical firing 
circuit, powered by batteries in the 


troops. The explosive charge is in the 
head. The propelling charge is in the 
tube on which the fins are mounted. 
On the nose may be seen a flat brass 
contact ring with a strip running back 


Photo by U. S. Army Signat Corps 


stock. The tail latch above the breech 
holds the projectile in the tube. The 
ring around the breech guards against 
mud entering the barrel when the 
bazooka is rested on the ground. 


Photo by U. 8S. Army Signal Corps 


to connect with a round wire fastened 
to the tube. Close inspection shows 
unpainted nicks in the fins which en- 
gage the tail latch and hold the pro- 
jectile in the barrel. 


(OG — eee 


backward on firing. Often the gunner 
Wears a plastic face mask or goggles 
fot additional safety, although the 
breech extends beyond his shoulder 
when the weapon is fired properly. 
Muzzle velocity is low and the weapon 
is primarily for relatively close-range 


work. Rate of fire. of course, is slow 
compared to that of other shoulder 
weapons. 

Virtually nothing was disclosed 
about the projectile except that it has 
amazing devastating powers (PrRop- 
uct ENGINEERING. May, 1943, p. 272). 
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V-LOANS FOR RECONVERSION: 
The nation’s war leaders are leaving 
no stone unturned in their drive to get 
production off its plateau and headed 
back upward. One of the steps, aimed 
al assuring war contractors that their 
working capital will not be frozen in 
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the event of contract termination, is a 
broadening of eligibility for V-loans. 
Previously, V-loans, government guar- 
anteed, were generally limited to large 
war contractors and filled their needs 
for working capital on war contracts. 
Now they will be much more generally 
available. 

Under the new system, contractors 
can arrange guaranteed loans with 
commercial banks to obtain capital 
when their contracts are ended. Secur- 
ity will be the termination settlement 
on the cancelled contracts. Size of the 
loan will depend on inventories and 
work-in-process. The government pays 
the interest after the credit has actu- 
ally been drawn upon. 


JOINT CONSERVATION 
COMMITTEE: 


Howard Coonley, director of WPB’s 
Conservation Division, has been named 
chairman of a joint Anglo-American 
conservation committee which will 
work with the Combined Production 
and Resources Board and the Com- 
bined Raw Materials Board. Purpose 


of the new agency will be to exchange 
information on conservation activities 
in Canada, Great Britain and the 
United States. Abolition of the officer’s 
Sam Browne belt, which used up con- 
siderable high-grade leather and brass, 
was one of the joint activities preced- 
ing organization of the committee. 


MATERIALS 


Alloy steel capacity of electric fur- 
naces will have been tripled by the 
end of the year when a monthly capac- 
ity of 471,000 tons will have been put 
into production. As a result, WPB’s 
Steel Division has asked alloy buyers 
to switch their orders to electric-fur- 
nace alloy rather than open-hearth 
alloy wherever possible. The aim is to 
release open-hearth capacity for car- 
bon steel, demand for which now far 
outruns the supply. This development 
is indicative of the rapidity with which 
war demands can shift. At the end of 
1942, there was hopeful talk of a small 
excess tonnage of carbon steel which 
could be devoted to essential non- 
war uses. Electric-furnace capacity 





This can’t happen according to 
the textbooks—but it did, in North 
Africa. Lt. W. J. Hoelle, shown sur- 
veying the damage with an embar- 
rassed look, flew his P-38 into a tele- 
phone pole while strafing a column of 
German trucks, with the above dam- 
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Photo by U. 8S. Army Signal Corps 
age to the plane. The ship flew back 
to its base and landed safely. The 
Army Air Forces cites this as another 
of the “miracles of mechanical en- 
durance” which have become “almost 
commonplace” so far as U. S. aircraft 
are concerned. 


has been jumped from 150,000 tons 
monthly in 1940 to 328,000 tons 
monthly at the end of July. To fil 
pressing demands for alloy steel while 
electric-furnace capacity was being 
installed, much open-hearth capacity 
was diverted to alloy steel. Production 
in open hearths rose from 306,000 tons 
monthly in 1940 to 664,000 tons in 
1942 and 934,000 tons last March. 


Laminated plastic sheets, rods and 
tubes were reduced 10 percent in 


price Sept. 1 under a voluntary agree- 
ment by the ten producers who ac- 
count for virtually all of the $72,000,- 
000 annual production. 


Aircraft materials and parts can be 
shifted from inventory of one plane 
manufacturer to another on a much 
broader basis than heretofor: un- 
der an amendment to WPB Directive 
16 which places in the hands of the 
Aircraft Scheduling Unit, Wright 
Field, Ohio, authority to transfer such 
items. Items added to the transfer list 
include swaged cable terminals, cer- 
tain valves and fittings, flexible con- 
duits, switches and circuit breakers, 
self-locking nuts, resistors and certain 
bearings. 


Aluminum and magnesium pro- 
duction is going forward at a rate 
which insures an adequate supply of 
these metals. | Government-owned 
plants produced 73,292,000 Ib. of alu- 
minum in July while Alcoa and Rey- 
nolds Metals plants were producing 
77,600,000 Ib. Pre-war monthly output 
approximated 25,000,000 lb. Govern- 
ment-owned magnesium plants pro- 
duced 31,410,000 lb. of magnesium 
during July and Dow Chemical Co. 
produced 3,500,000 lb. Monthly pre- 
war production was 500,000 lb. Plans 
apparently have been shelved for ad- 
ditional aluminum reduction capacity 
as an “insurance policy” against shifts 
in the aircraft program to larger 
planes and to leave a reserve against 
the day when the 10,000 planes-per- 
month pace shall have been reached. 
Production in at least seven aluminum 
plants was down for want of labor in 
August. 


Magnesium castings production has 
zoomed to a rate three times that of 
December, 1941, according to WPB’s 
Aluminum and Magnesium Division. 
Sand-castings rose from less than 1, 
500,000 lb. during November, 1941, 
to more than 4,500,000 Ib. last spring. 
Virtually all these were heat-treated 
for increased strength, and used for 
aircraft landing gear and engine parts. 
Permanent mold and _ die-castings 
showed percentage gains of 1,400 and 
400 percent during the same period. 
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PRODUCT ENGINEERING EDITORIAL 





Petty Bickering Never Won A Victory 


F ALL SPORTS, the great American game of foot- 

ball is the world’s finest demonstration of the power 
of strong men teamed for a single purpose—victory. In 
that game, there is no room for “deadheads” who 
grumble to themselves, or “bellyachers” who complain 
about things that cannot be changed. Every player “gives 
everything he has” without reservations. Although the 
signals may not be the ones he would call, each man on 
the team plays them just as hard as if they were his own 
strategy. In every second of the game, eleven fighting 
men in “in there” playing the signals, bolstering the 
weak spots, grimly determined not to permit “bad 
breaks” or “bum decisions” to stop the team from 
achieving its goal and victory. The worse the breaks, the 
harder they fight; the more certain the victory, the 
more determined they become to make it more decisive. 
Not until the last whistle has blown do the men soften 
their efforts. 

With the growing certainty of Allied victory, par- 
ticularly since the surrender of Italy, many Americans 
are beginning to think and act as if the last whistle had 
already blown. They are the persons who would be con- 
tent with a “little victory,” persons who justify their 
complacency because they don’t like the signals, belly- 
achers who consider their dissatisfaction a legitimate 
excuse for falling down on the job, deadheads who 
grumble to themselves about conditions that cannot be 
changed, and the habitual critics who complain about 
sacrifices that are a petty price to pay for victory. Little 
do they realize that every extra day of fighting caused 
by the lack of war equipment at the fighting fronts 
means thousands of young, virile American soldiers will 
be slaughtered, maimed for life, ‘suffering indescribably. 

We are now at the critical turning point of the war. 
To take fullest advantage of the Italian debacle, the 
Russian victories and German demoralization will re- 


a 


quire a supreme all-out effort with every civilian deliver- 
ing to the utmost just as do the fighting men. 

The Allied General Staffs are calling the signals. They 
are getting an enthusiastic response from the men at the 
fighting fronts who are offering their lives for the pro- 
tection of “our lives, our fortunes and our sacred 
honor.” The General Staffs have a greater right to ex- 
pect the same kind of enthusiasm from those sheltered 
from the horrors of war, living a life of comparative 
ease and whose sacrifices are negligible. 

The General Staff has given Donald Nelson of the War 
Production Board the delivery schedule that must be met 
for an early and decisive victory. Mr. Nelson has sub- 
mitted that production program to industry. Manufac- 
turers have accepted the delivery schedules as reasonable 
and attainable, providing everybody “plays the signals” 
regardless of “bad breaks and bum decisions.” 

Men of management must not be influenced by argu- 
ments involving injustices of taxation, renegotiation of 
contracts, or unfair Labor Board rulings. They must 
remain constantly aware of their supreme obligation to 
deliver on time what they contracted to make. Men and 
women in industry must not allow petty disagreements 
with management, labor union disputes or dissatisfaction 
with Labor Board decisions to swerve them from a grim 
determination to produce at a maximum and get the 
job done on time. On the contrary, management and 
labor must be on their toes every minute, we must have 
more war workers, more production time per worker, 
more enthusiasm. 

In this whole picture the design engineer has his 
crucial part to play. This is not the time to rest on 
laurels won by our fighting men. An all-out effort now 
will mean the saving of tens of thousands of lives, bil- 
lions of dollars and an earlier return of our fighting 
men. Play the signals and play them hard. 
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Indium Surface-Alloys 


Resist Corrosion and Wear 


Use of small quantities of indium, electroplated and diffused into the surfaces of 
various bearing materials and applied to surfaces of many other parts of machines, 
instruments, and other products imparts corrosion and wear resistance, increases 
tensile strength and hardness. Since indium alloys take a high polish they can 
also replace plated finishes that have been eliminated to conserve war materials. 


ROWING in importance as a 
result of successes in engi- 
neering applications, indium, 

a metal not yet among priority mate- 
rials, is becoming familiar to an in- 
creasing number of design engineers, 
Particularly important uses at present 
are in engine bearing surfaces and 
in functional and decorative electro- 
plated finishes. In both of these uses 
the quantities involved are very small 
proportionally. Indium is serving the 
war effort directly and is conserving 
other metals that must be used spar- 
ingly. 

In bearings, indium’s ability to in- 
crease corrosion resistance, hardness 
and wearing quality is used to advan- 
tage in internal combustion engines of 
high output where high pressures and 
temperatures make corrosive agents in 
lubricants or from combustion prod- 
ucts active on bearing surfaces. In 
the plating field one of its applications 
in combination with silver for tarnish- 
resistant motor car trim is significant. 

The element indium is softer than 
lead and can be dented with a finger- 
nail. Combined in small quantities 
with lead, silver, gold, copper, or any 


non-ferrous metal, it increases the 
hardness of the base metal, increases 
tensile strength, and improves its re- 
sistance to wear and corrosion. Such 
combination or alloying is accom- 
plished after electroplating the in- 
dium by the invariable practice of 
low-temperature heat-treating the 
plated surfaces. Iron and steel sur- 
faces require an electroplated under- 
coating of another metal, such as zinc, 
cadmium, or copper before indium 
can be applied, so that indium alloys 
on steel surfaces are strictly plated 
coatings. 


Uses of Indium 


Engine Bearings—Coated and _ al- 
loyed into the surface of bearings and 
cylinder walls, indium is valuable in 
resisting corrosion by acids in lubri- 
cating oil or combustion products, 
thus increasing the life of the parts. 
Bearings of this type make an import- 
ant advance for internal combustion 
engines where proper lubrication has 
been affected by high temperature and 
bearing pressures, which increase ac- 
tivity of corrosive agents. 


Physical Properties of Indium 





Le ete eekh x ehdOnkeenkene bc Kadesehne eens bade enw 114.76 
EE ee er ere ey er eer eT er 311 
EE Oe eT ee ee ee eee Pree 2.640 
EE Re eee re 7.31 
NESSES SEPP ADLEI IED TOT TTE TOTES ECT OTT TOPE TT TTT 27.3 
I I, RM, GD Ba... oc ccccccnccecseseecceaccessseesis 9x 10° 

IL Saas 6 ataacas oleic Se isiecsiea bias osiaies eieiessrele 29x 10° 
ne, FE, Ge 00 OD Bannon ccc ccc cccccccnevecsepeecccceses 33 x 10° 
REISER PEA area ere 1 Softer than lead, malleable. 


ductile, and crystalline. 
Highly corrosion resistant. Soluble (slowly) in HCl and dilute H.SO,. Not easily 
oxidized 
oars Sal Saks 6h /snaelevaioren et G08 Sika oibie weiesiow Silvery white 





Cost (99 percent purity) $10 per Troy oz. 
Cost (99.99 percent purity) $15 per Troy oz. 
Cost (Plating solution, indium trichloride) $5.75 per Troy oz. 





Indium is being used in bearings of 
lead, cadmium, silver, copper, and al- 
loys combining these metals. Such 
bearings have proved successful in 
high-speed aircraft engines, for heavy- 
duty trucks and for diesel engines. In. 
dium is valuable in bearings, replac- 
ing those requiring tin babbitts and 
imparting corrosion resistance to bear- 
ing alloys containing the metals 
named. 

Laboratory engine tests by C. F, 
Smart, Pontiac Motors, on a cadmium 
bearing material containing 2.25 per. 
cent silver, 0.25 percent copper, and 
balance cadmium showed that 0.40 to 
0.50 percent indium was sufficient to 
withstand corrosion under most severe 
conditions, and did not appear to em- 
brittle the alloy. Similar tests with 
copper-lead bearings also showed that 
indium plating apparently imparts a 
high degree of corrosion resistance. 
Such bearings have been adopted 
commercially by at least one manu- 
facturer. 


Finishing Coatings—As a coating on 
aircraft instruments or other equip- 
ment exposed to salt water spray, in- 
dium’s non-corrosive properties and 
attractive appearance are of value. In- 
dium plates readily on all non-ferrous 
metals and is easy to handle in the 
plating and heating procedures. Ex- 
cess indium residues are easily recov- 
ered. Heat-treatment is used to diffuse 
the indium into the surface of the base 
metal. This produces a hard surface 
and an alloy coating that will not chip 
or peel. Coating thickness can be 
from 0.0001 to 0.002 inches. 

Since indium-coated surfaces are 
easily polished and burnished, it is 
not as necessary to use highly polished 
base material. Indium can also be 
applied as a smear coating to nickel 
plating to close pinholes and prevent 
corrosion from starting at these 
points. 

The attractive appearances of in- 
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Headlamp rims, silver plated and scratch brushed, ready to be indium plated at the Studebaker plant 


dium-coated articles has been of value 
in band instruments, jewelry, surgical 
and dental instruments, and exterior 
hardware and trim of the last Stude- 
baker automobiles. In the latter ap- 
plication silver was deposited directly 
on a special type of bonderize coating, 
without use of copper or nickel or any 
critical material. Indium plating was 
applied and diffused into the silver 
by holding a temperature of 350 deg. 
F. for 2 hr. The indium-silver alloy 
surface was then finished with 250 Lea 
compound using a slow speed soft 
wheel. To further protect the finish, 
two light coats of clear synthetic 
enamel were applied and the piece 
baked one hour at 270 deg. F. after 
each coat. 

Graphite brushes for electrical ap- 
paratus have also been coated with 
indium to improve their wearing 
quality. 


Light Reflectors —Indium coatings 
make better reflecting surfaces than 


chromium if properly applied. They 
are not as bright as new silver but 
they stay bright whereas silver dimin- 
ishes in reflectivity. Present results 
might warrant further investigation 
by manufacturers of reflectors. 


Brazing and Soldering Alloys—Braz- 
ing alloys with 1 to 2 percent indium 
are being used where cost considera- 
tions are less important than results 
obtained. Soundness of brazed joints 
is improved because of greater fluidity 
and adhesion produced. Indium has 
excellent “wetting” properties on steel 
and imparts these qualities to brazing 
alloys, thus assuring a continuous 
bond. A series of impartial tests of al- 
loys consisting of 95 to 96 percent 
lead and 3 percent indium has shown 
the value of indium under certain 
conditions. 


Low-Melting Alloys—Additions of in- 
dium up to 18.36 percent in low-melt- 
ing-point Lipowitz alloys dropped the 
freezing point from 157.5 deg. F. to 
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116.5 to 119.5 deg. F., it was shown 
by Sidney J. French, Colgate Univer- 
sity. Indium also stabilizes these al- 
loys, which are used as fusible links 
in temperature controls, sprinkler and 
fire alarm systems, solders for soft 
metals and for filling metal tubing to 
be bent. A man can dip his hand in 
the molten alloy without injury. 


Gold Alloys—-First commercial uses 
of indium were in indium-gold dental 
alloys, where it improves strength and 
ductility and prevents discoloring, 
and in hinge pins for spectacle frames 
where it prevents freezing, which is 
often caused by perspiration. 

Indium additions to gold cause a 
rapid decrease in melting point, mak- 
ing possible low melting alloys of high 
gold content. Hardness is increased 
as follows: 


Indium, percent 4 8 125: 
Hardness, Rockwell B 42 58 80 
(2 Be. St See F)...... 69 


Cold working produces still greater 
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hardness. Although gold-indium al- 
loys containing more than 12.5 per- 
cent indium are not workable, they 
cast and polish well. 

Highly corrosion-resistant coatings 
for the harder alloys have been pro- 
duced for practical use by successive 
plating of gold and indium and then 
alloying by diffusion at 330 deg. F. 
The continuity of this type of coating 
and the fact that it is less permeable 
than gold, and very hard have been 
emphasized. 

An indium-gold brazing alloy con- 
taining 22% percent indium has a 
working temperature of a little above 
930 deg. F. This alloy is used for 
glass-to-metal seals. 

Its low vapor pressure prevents 
contamination of adjacent parts such 
as occurs when zinc is used for braz- 
ing. It is used as a powder or as a 
sheet. 

Increasing indium content of gold 
lightens color, which passes through a 
white to a definite blue. Indium is 
also used in more complex gold alloys. 


Silver-Indium Alloys — An extremely 
small proportion of indium, added to 
silver, improves resistance to tarnish 
and adds wearing qualities to silver 
surfaces. Addition of 1 percent to cast 
silver increased Rockwell H hardness 
from 46 to 92. Indium-silver plated 
finishes can be highly polished, main- 
tain a rich luster, and have excellent 


Hardness of Silver-Indium Alloys 








Silver Indium Hardness 

Percent Percent Vickers 

100 0 32.8 
95 5 48.3 
90 10 50.4 
80 20 68.6 
60 40 107 


wearing qualities. Color is not materi- 
ally changed. It does not tarnish or 
spot as easily and shows less pitting 
and corrosion. 


Copper-Indium Alloys — Indium - 
coated copper is among the most im- 
portant applications of indium. Cop- 
per or bronze bearings with indium- 
impregnated surfaces are in common 
use. Copper or brass coated with in- 
dium may have the appearance of pol- 
ished gold and do not tarnish like the 
base material. When such a surface 
is gold plated the wearing away of the 
gold leaves a surface nearly identical 
in appearance. Copper-indium pow- 
der is a recent development that may 
be used in powder metallurgy to in- 
crease strength and hardness of parts. 
These powders and solid rods, are also 
used as brazing material. 


Laboratory Tests of 84-Percent Cop- 
per, 16-Percent Indium 





Ultimate strength. . .55,800 lb. per sq. in. 
(36,500 for copper) 

Elongation......... 8% in 2 in. (average) 
(22% for copper) 

Hardness, Rockwell.B 47 (average) 
(B30 for hard-drawn 
copper — B74 for 
hard nickel) 

Yield strength..... 24,100 lb. per sq. in. 





Effect of Indium on Hardness of 








Lead 
Indium Tensile 
Per- Hardness Hardness Strength 
cent Rockwell R Brinell Ib. per sq. in. 
0 17 mh 1,600 
1 46 4,32 2,400 to 3,000 
2 49 — — 
3 83 -— — 
4 106 5.15 _ 
6 130 -- — 
8 131 7.28 — 





Lead-Indium Alloys—Principal appli. 
cation is in bearings. Another practi- 
cal application of indium is on lead. 
lined chemical pumps to improve wear 
and corrosion resistance. 


Corrosion Resistance—Indium-coated 
iron or steel surfaces resist salt spray 
corrosion as satisfactorily as many ma. 
terials widely used before the war, 
They can replace metals such as 
nickel, brass or copper. An under. 
coating of another metal such as 0.005 
in. cadmium is required on ferrous 
alloys. Steel surfaces coated with 
0.00075 in. of zinc, into which was 
then plated and diffused 444 percent 
by weight of indium withstood 400 
hrs. of standard salt spray test. Use 
of indium with steel does not materi. 
ally decrease fatigue resistance. 

Tin-rich alloys containing 1 and 3 
percent indium, tested by Dr. Ger. 
hard Derge, Carnegie Institute of 
Technology, in carbonate solutions 
having a pH of 0.5 and 11.2, remained 
passive. No corrosion occurred after 
50 hours. It has also been observed 
that indium greatly improves the ex- 
trusion qualities of tin and that tin 
alloys with indium extrude more read- 
ily than does pure tin. 


Other War Uses 


Because of secrecy surrounding 
most materials developed for military 
purposes a number of other interest- 
ing applications of indium must be 
omitted here. Information based on 
experience with indium in these appli- 
cations is available from suppliers of 
indium to authorized firms or engi- 
neers. Research is in progress to deter- 
mine the value of indium coatings on 
metals other than those described. 





These indium-coated articles include bronze sector gear, bushing, and instrument shafts; brass typewriter key ring; indium 
copper coated steel 114-in. dia. seal ring; indium-zinc coated pencil sharpener dial; indium-cadmium-coated steel screws and bolt; 
and graphite brushes and connecting wires. These are but a few typical applications of industrial parts 
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Sheet Metal Shapes 


Classified as to Formability—IT 


Advantages are cited in forming smoothly contoured parts by stretching, 
drawing cups and boxes in double-acting dies with draw ring, and in 
designing some miscellaneous shapes so that two or more parts are formed 
from the same blank or by dividing the part into simple components. 


LEON D. DAME 
Research Engineer, Lockheed Aircraft Corporation 


FFICIENT design of sheet metal 
parts usually results from the de- 
signer’s knowledge of the ad- 

vantages and disadvantages inherent 
in the several forming techniques, the 
forming limits of the materials, and 
the difficulties experienced in forming 
other parts of similar or nearly similar 
shape to that of the proposed part. 

In a project undertaken at Lock- 
heed to obtain and record such in- 
formation for the purpose of enabling 
designers to base their current and 
future designs on comparative designs 
made in the past, it was discovered 
that sheet metal parts could be pro- 
gressively classified in five groups 
according to their individual shapes: 
(1) Straight channels, (2) curved 
channels, (3) smoothly contoured 
parts, (4) drawn cups and boxes, and 
(5) miscellaneous parts. Methods of 
forming parts classified in Groups (1) 
and (2), with a discussion of materials 
and their forming characteristics, were 
described in Part I of this article 
(Propuct ENGINEERING, September, 
1943, p. 558). Part II, presented here, 
deals with the last three groups. Pro- 
gressing from the curved channel there 
is found a very similar part, except 
that its cross-section is smoothly con- 
toured instead of being made up of a 
series of straight sections. 


SmootHLty Contourep Parts. The 
limits of this classification cannot be 
readily defined, because the parts vary 
from a “U” curved channel to a very 
shallow contoured skin. Fig. 7 shows 
two typical parts. 

At first glance it appears that a wide 
range of shapes is covered in this class, 
since the part at the right in Fig. 7 
appears very deep compared to that 
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Fig. 7—Types of parts having 
smoothly contoured cross-sections 


at the left. However, it can be no- 
ticed that the part at the right departs 
very little from a simple cylindrical 
shape as indicated by the shade lines. 
Since a cylindrical shape can be 
formed by simple bending, it is only 
by departure from such a shape that 
stretching must occur. It is said gen- 
erally that when a part deviates from 
a developable surface which can be 
generated by the motion of a straight 
line such as a cylinder or cone, the 
deviation therefrom is the measure of 
the amount of contour forming re- 
quired. 

Parts of this type, in almost every 
instance, are formed by stretching. 
This process minimizes springback 
and eliminates troublesome wrinkling 
if an attempt was made to form the 
part by drawing or compression. If 
the departure of the contoured surface 
from the nearest developable one is 
slight, however, deformations will not 
be sufficient to prevent springback 
unless special means are adopted to 
stretch the whole sheet into the plastic 
range while superposing the small ad- 
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ditional stretch required to obtain the 
shape of the part. This can be done 
by using a punch with a non-bottoming 
die, allowing the punch to over-travel 
far enough to stretch the material any 
desired amount. At Lockheed, no die 
is used most of the time, the sheet 
being clamped against a set of rails by 
hold-down pads on the second ram of 
the press. For a thorough discussion 
of the stretch technique see “Elastic 
Theory as a Tool in Sheet Metal Form- 
ing Problems,” F. R. Shanley, Journal 
of the Aeronautical Sciences, Vol. 9, 
July, 1942, p. 313. 

One type of set-up used with a 
double-acting hydraulic press posses- 
ses many advantages. It utilizes the 
holding ram for clamping, while the 
blank is stretched around a punch. 
The possibilities of low tooling cost 
are evident through the use of Kirk- 
site, wood, or cement punches. Even 
though this kind of forming is still in 
the early stages of development the 
hold-down pads for clamping the 
blanks are becoming standardized, so 
actually the only forming-tool cost is 
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that of the punch. Only one casting 
has to be made, and only one surface 
has to be ground to proper contour 
instead of the usual two or three. 
Stretch forming can also be done 
with a single-acting rubber forming 
press by stacking the rubber to clamp 
the edges of the sheet against the 
single die. The principle is the same 
as that applied in the double-acting 
press, but the amount of additional 
stretch that can be superposed is 
limited because of a bottoming die 
which obstructs excess travel of the 
punch. Control of the clamping action 
is a specialized art and consistent re- 
sults are difficult to obtain. The tech- 
nique used consists in stacking extra 
rubber on the edges, using beads along 
the edges of the die or allowing the 
sheet to overhang the edge of the die 
to obtain clamping action. 
Considerable use has also been 
made, especially abroad, of a special 
stretching machine which acts like the 
double-acting hydraulic press, except 
that the sheet is gripped by special 
mechanically or hydraulically actuated 
jaws rather than by the hold-down 
pads of the double-acting press. This 
introduces difficulties of tearing at the 
clamps, since this type of grip often 
requires serrated or other irregular 
jaws for the desired holding power. 
In the double-acting press, sufficient 
hold-down power is available that flat 
smooth surfaces can be used, avoiding 
stress concentrations which result in 
tearing. For small parts, the machine 
usually consists of a hand-operated 
clamp and a wooden punch bolted to 
one or more hydraulic jacks as shown 
in Fig. 8. For parts such as contoured 
sections and stringers, the stretch ma- 
chine gives good results, and avoids 
tying up large double-acting presses 
when forming a large quantity of 
small parts. Similar small parts have 
been made with a single-acting die, 
but the tendency is towards stretching 
in order to use ST material success- 
fully and to maintain proper contours. 
For large-scale stretching opera- 
tions, materials in the heat-treated (ST 
or SW) condition are usually capable 
of elongations as good or better than 
those in the annealed (SO) condition. 
Use of heat-treated material eliminates 
the necessity of heat-treatment after 
forming and its attendant warping 
difficulties. Stretch forming is particu- 
larly successful in using thin gage 
materials. An upper limit is imposed 
on the thickness which can be stretch- 
formed in a given press by the require- 
ment that the clamping pressure avail- 
able must be sufficient to grip the ma- 
terial against a pull sufficient to 
deform the sheet well beyond the yield 
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point and almost to ultimate failure. 
The coefficient of friction between the 
clamps and the sheet enters into the 
relative thickness. This can be illus- 
trated by an example: A press has a 
capacity of 15 tons per 8 in. of draw 
radius or 1.88 tons per in. The friction 
coefficient for a machined steel surface 
is 0.36 plus or minus 0.09. The ulti- 
mate strength of 24ST material is 62,- 
000 lb. per sq. in. Therefore, the 
maximum thickness ¢ that can be de- 
formed with this press and this ma- 
terial is 





_ 1.88 X 2,000 X 0.36 X 2 


' 62,000 


= 0.044 in. 


In some stretch forming, trouble 
has been experienced with buckling 
during forming. This is especially 
true for stretching parts having very 
shallow contours, or parts having a 
reversed contour in one direction, usu- 
ally known as “saddle back” parts. 

Tf the part has deep contours in two 
directions, it departs too greatly from 
a developable surface to be formed 
successfully by stretching alone, and 
must be formed by drawing, or by a 
combination of drawing and stretch- 
ing. In drawing, compression occurs 
circumferentially. (See G. A. Brewer 
and M. M. Rockwell, “Mechanics of 
Deep Drawing Sheet Metal Parts,” 
Aero Digest, February, 1942.) Draw- 
ing can be accomplished by: relieving 
pressure on the hold pad, allowing the 
metal to flow under the pad. This can 
be done over the entire area or locally, 
as the shape of the part requires. 

Forming smoothly contoured parts 
presents no lubrication difficulties. 
Several attempts have been made to 
eliminate a washing operation by us- 
ing lubricants that will not adhere to 
the sheet metal after forming. Latex 
painted on the punch, and also a 14 
in. rubber sheet, have been tried. The 
latex did not permit the metal to slip 
as it was being stretched, and conse- 
quently the metal failed before it 
was completely formed. The rubber 
sheet did not form the metal to the 
proper contour. Both tests were un- 
successful and were discontinued. 


Drawn Cups anp Boxes. Drawing 
has been defined as the process of 
forming sheet metal in such a way 
that it is forced to stretch consider- 
ably in one direction while being 
compressed in another. Therefore, a 
drawn cup or box would be one which 
was formed with considerable simul- 
taneous tensile and compressive strains 
which are approximately normal to 
each other. Fig. 9 shows typical parts 
of this classification. 


The cup or box is differentiated 
from the channel by the sides being 
continuous throughout the entire cir. 
cumference, that is, the plan view js 
“closed.” The cup or box is also 
differentiated from the smoothly con- 
toured skin type of part by one or 
more sectional views not being smooth- 
ly contoured. 

Nearly all dies for this type of part 
are the conventional double-acting 
type with draw ring. While being 
drawn, it is desirable to support the 
vertical sides of the part between 
punch and die. However, in many 
cases (as in a dome-shaped part) this 
is impossible. If the sides are not 
supported, buckling or wrinkling will 
occur unless the material is thick 
enough to prevent such distortion. 
This kind of buckling is similar to 
that discussed in the comments deal- 
ing with curved channels. 

When all corners and sides of the 
part are concave toward the center, 
as shown in Figs. 9 (A) and (B), 
the double-acting die has been used 
without exception. However, when a 
side or corner is convex, as in Figs. 
9 (C) and Fig. 10, a holed plate is 
necessary to support the bottom of the 
part against puckering. This plate 
is held against the bottom of an air 
cushion or a third ram, thus making 
the die “triple-acting.” 

The cross-shaped part shown in Fig. 
10 is of particular interest because 
little or no drawing is required in the 
portions of the side which are convex 
inward, this type of flange being nor- 
mally formed by stretching. If the 
ends of each arm were open, as indi- 
cated by the dotted lines, the part 
could not be formed very deep because 
the allowable limits of elongation for 
stretch flanges would apply. However. 
when the ends of the arms are closed 
by concave sections as shown in Fig. 
10, these concave ends are formed by 
the drawing process. 

This means that compressive stresses 
and strains are set up circumferen- 
tially in the concave flange, and tend 
to relieve the tensile stresses and 
strains in the adjacent convex portions 
if the two portions are close together. 
Thus, a “relieving” process seems to 
occur, so that the part shown in Fig. 
10 can be formed much deeper with 
the ends closed than open. Therefore. 
a convex flange can be formed, the 
stretch requirements of which, calcu- 
lated on the geometry of the part, are 
greatly in excess of the usual allow- 
able elongations of the material; al- 
though actually, measurements show 
that because of the “relieving” effect. 
the elongations are not in excess of 
the usual limits for the material. 
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Fig. 8—Small stretch 
machine consisting of 
platen, two hydraulic 
jacks, wooden punch 
and hand-operated 
rs clamps 
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Fig. 9—(A), (B), (C) Drawn cups and boxes 
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This example clearly illustrates the 
possibilities of proper design of the 
part for forming operations. In the 
instance cited, one part can be used 
in place of several thereby eliminat- 
ing forming-tools and assembly jigs, 
and as a result reduce the cost of the 
entire assembly. 

Since relative motion between the 
metal formed, the hold ring and die 
is considerable, a good lubricant is 
necessary. The lubricant should main- 
tain the necessary film under high 
pressure, and yet have a low viscosity. 
It is also desirable to use a compound 
which can be removed easily to facili- 
tate subsequent sheet metal operations. 

Drawing characteristics of com- 
monly used aluminum alloys have 
been investigated for several basic 
shapes. See Propuct ENGINEERING, 
p. 425, July, 1943 and p. 517, August, 
1943 for the maximum forming limits 
for drawn cylindrical cups, boxes with 
9 deg. corners and cylindrical cups 
with hemispherical ends. 








Fig. 11—(A) Bracket which was 
originally formed with two 
blows of a drop hammer. (B) 
Combined shape, later cut apart 
to make four brackets, is formed 
in a stroke of double-acting die 


MISCELLANEOUS Parts. Many parts 
in the miscellaneous class can be 
placed in one of the other classes by 
forming more than one part from the 
same blank, or by dividing the part 
into simpler components. In doing so, 
a better method for producing the part 
will usually be found. This is true 
because if a part does not fall in one 
of the general classifications it is in 
most cases either too difficult to form 
efficiently in its present shape, or it 
can be produced more efficiently in a 
more complex shape. For example, 
take the part shown in Fig. 11 (A). 
The bracket was originally formed by 
hitting the blank twice on a drop ham- 
mer. A new double-acting die was 
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Fig. 10 — Drawn box with 
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made so that four parts were formed 
in one stroke of the press, giving a 
combined shape as shown in Fig. 11 
(B). A slightly better part was made 
in approximately one-eighth of the 
time. There was also a substantial 
saving of part and die materials. 
Data sheets for each classification 
discussed were arranged so that the 
differences from part to part pro- 
gressed from one extreme to the other. 
It is evident that often the step or pro- 
gressive interval is quite a large one, 
indicating that not all possible sub- 
classifications have yet been observed. 
These steps lead to new forming prob- 
lems, and present a fertile field for 
development of new techniques. 
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Many types of pumps are available for delivering 
hydraulic power for control circuits. They fall into 
two groupings, constant discharge, without change of 
speed, and variable discharge pumps. Gear pumps and 
most vane pumps come within the first group. Data 
and illustrations supplied from Socony-Vacuum Oil 
Company publication “Hydraulic Systems.” 


In ternal! 
gear 





Fig. 1—Northern Internal Gear Pump. A driving pinion 
meshes with and rotates a larger internal gear that fits 
snugly in the pump housing. The space unswept by the 
moving teeth is filled by a stationary crescent which is 
part of the housing. Oilways from the inner to outer 
periphery of the internal gear exist between each pair of 
teeth. Oil is carried through the pump by the pockets 
between the teeth of both gears. Oilways at the bases of 
internal gear teeth are sealed by the outer casing, and 
the tops of the teeth are sealed by the crescent. 
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Drive 4 | Reaction 
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Fig. 2—Constant-Discharge Gear Pump. This type normally operates Sue 


at a maximum pressure of a few hundred Ib. per sq. in., but is some- Pp 
times designed for higher pressures. As gears revolve, oil is trapped 
in pockets formed between the pump case and teeth of the gears. Oil 


travels from the suction side of the pump, around the teeth of both Fig. 

gears to the discharge side. Meshing of the teeth prevents return of char; 

oil to the suction side. The pump shown has helical gears, but it can whic 

also have spur, herringbone or special form gears. there 

That 

there 

pum} 

Fig. 3—Oilgear Radial-Piston Pump. This pump is designed for sev- are | 

eral thousand lb. per sq. in. Hub and ring revolve and a mushroom rotat 

5 head on the end of each piston makes the driving connection with agair 

| the ring. More than one set of cylinders may be located side by side balar 
in the same hub to give increased capacity and flexibility. sn { 
wee! 
deve! 





Fig. 4—Northern Radial-Piston Pump. Pistons of 
this pump are moved in and out of the cylinders ~ 
by rollers which make contact with the outer ring. WY Rol! 
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Fig. 5—Vickers Vane Pump. In this constant-dis- 
charge pump, pumping is produced by radial vanes 
which are free to slide in and out of a rotating hub 
thereby maintaining contact with the outer ring. 
That this contact will be maintained at all times, 
there are oilways from the high pressure side of the 
pump to the spaces behind the vanes. Suction ports 
are located where the housing recedes from the 
rotating hub; discharge ports where the housing 
again approaches the hub. The rotor is hydraulically 
balanced by double sets of ports diametrically oppo- 
site to each other. Because of close tolerances be- 
tween vanes, hubs and case, high pressures can be 
developed by this constant-discharge pump. 
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Fig. 6—Vickers Axial-Piston Pump. The pump is essentially made 
up of a driving plate, a cylinder block, and suitable pistons. The 
pistons are actuated by the driving plate through connecting rods. 
Variable discharge from this type pump is obtained by adjusting the 
angularity between the driving plate and the cylinder block so that 
the length of strokes of the piston can be varied. 


Fig. 7—Gerotor Pump. In this special form of internal gear pump, 
an inner gear rotates with the driving shaft. An outer gear, driven 
by the inner gear, is free to rotate with a snug fit in a recess in one 
end of the housing. Teeth of the two gears are shaped to be in 
sliding contact with each other. When gears are enclosed by the 
housing, oil tight pockets are formed between the teeth of the gears. 
Because of the off-center location of the gears, the volume of these 
oil pockets changes from zero to maximum and again to zero during 
each revolution. Oil is drawn into the pockets from the suction port, 
during one-half of each gear revolution. During the other half of 
the revolution, oil is forced out through the discharge port. 


Gear housing 
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Illustrations © Socony-Vacuum Oil Company 
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Blanks are cut from the mold- 
ing board for many intricate 
parts requiring shock resistance 


Phenolic-Resin 


Boards — 


Properties and Ap LEON 


C. A. NASH, Development Laboratories 
EK. W. VAILL, Technical Representative 
Bakelite Corporation 


Phenolic-resin boards, produced on standard paper-making machinery, can 
be used to make parts which require impact strength. Ensuing advantages 
are high moisture resistance and good dimensional stability. Proper 
molding technique, essential for producing efficient parts, is described. 


ity of the moldings, resin molding 





molding boards and blanks 


physical characteristics can readily be 


[= the past ten years ticity, water absorption and other 


made with phenolic resin have 
been used in many important in- 
dustrial applications where impact 
strength is necessary. 

These boards are produced on typi- 
cal papermaking equipment. When 
the sheets are removed and dried to 
the proper moisture content they are 
ready for use in producing laminated 
material, punching into blanks, or 
dicing for molding material. The 
board as it comes from the cylinder 
is 40 x 60 in. and molded thicknesses 
of 0.031 in. to 0.145 in. can be sup- 
plied. 

The board will have different char- 
acteristics depending on the type of 
filler and the resins used. Thus, with 
proper variations of resin and fillers, 
resin board varying in flexibility, plas- 
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produced. 

Blanks are regularly supplied to 
give finished molded thicknesses of 
0.031, 0.062, 0.093, 0.109 and 0.125 in. 
By the proper use of combinations of 
the blanks, parts of any desired thick- 
ness can be molded. In some special 
cases, blanks for any molded thick- 
ness between 0.031 and 0.145 in. can 
be supplied. 

The blanks are essentially a pre- 
form having a bulk factor of 1.5 to 
1.0. They can readily be used in molds 
built for general-purpose phenolic 
molding materials. Blanking dies are 
used to cut the blank to the proper 
size and shape. 

Because of their high-impact 
strength, resistance to moisture and 
humidity, and the dimensional stabil- 


blanks have found large use in many 
industrial and war applications. These 
applications include industrial goggle 
frames, oil and seal rings on propel- 
ler units, machine gun elevating lev- 
ers, food trays, machete handles, Army 
mess kit knife handles, lens holders 
for miners’ lamps and large circuit- 
breaker handles. 

Plastic bayonets used for military 
training purposes consist of blade, 
guard and handle. Blades are molded 
in a flash mold at the rate of about 
15 pieces per cavity per hour. The 
blanks are first placed in a preheater 
and heated at 225 deg. F. for 20 min. 
One end of a steel-handle frame in- 
sert extends about 14% in. into the 
base of the blade. The end of this in- 
sert is placed between the two pre- 
heated blanks when the mold is 
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charged. The part is molded with an 
approximate pressure of 5,000 lb. per. 
sq. in., and a temperature of 305 to 
310 deg. F. Careful techniques and 
special equipment are necessary to 
cool the bayonet slowly so that the 
blade will not warp after removal from 
the press. 

Finishing the blades is a simple 
operation. The edge of the blade at 
the flash line is passed lightly over a 
wet sanding belt, followed by light 
bufing on a standard buffing wheel. 

The guard is molded with three- 
resin board blanks, and the two han- 
dle halves are molded from shock-re- 
sistant molding material. In assembly, 
the handle halves are screwed in place 
after the guard is clipped over the 
blade and riveted to the steel insert. 

Resin-board blanks are used in an 
application for a motor housing to 
obtain strength and to incorporate a 
nameplate in the molded part. Black 
and red letters are formed by stamp- 
ing the letters out in the metal inlay so 
that they are filled with the molding 
material during pressing. A _ small 
red disk of phenolic varnish-impreg- 
nated paper is placed on the black 
blank under the letter “S” in the in- 
lay. The inlay is then pressed into 
the blanks and the assembly placed 
in the mold. This method insures ac- 
curate location of the nameplate or 
inlay, since there is practically no 
movement of the blanks during the 
molding operation. 

Boards and blanks are used to re- 
inforce general-purpose molding mate- 
tials. The mechanical strength of 
parts molded from general-purpose 
molding materials can be more than 
doubled by the proper use of resin- 
board blanks. In many applications, 








Physical Properties of Boards, Blanks and Molding Material 





Specific Gravity 
Bulk Factor 
Shrinkage, in. per in 


Impact Strength, ft.-lb 


Modulus of Elasticity, Ib. per sq. in. x 10° 
Water Absorption 


(A) Percent gain, A.S.T.M. method.......... 0. 
S—hr. boil, 2 x 1/8 in. disk.......... e 

24-hr. boil, 2 x 1/8 in. disk.......... 3. 

(B) Percent swelling, A.S.T.M. method....... 
5—hr. boil, 2 x 1/8 in. disk.......... 

24-hr. boil, 2 x 1/8 in. disk.......... : 


ee, hah aghanbanae 1.5 
Tensile Strength, Ib. per sq. in..............-. 
Impact Strength, ft.—Ib. per in. of notch........ 
Flexural Strength, lb. per sq. in............... 


Boards and Blanks Diced Material 


1.35 1.36 
2.9—3.6 
0 .002—0 . 006 0.005—0 . 007 
3,000—11,000* 5,000—5,800 
0.4—1.2* 0.38—0.45 
0.8—2.4* 0.76—0 .90 
13,000—25,000*  7,.100—8,500 
.03—1.2 0.95—1.10 
0.3—0.5 4—0 .8 
4—1.9 
0—3.9 
0.5—1.0 0.05—0.1 
0.36—0.38 
0.64—0.83 





° The lower values are for pieces molded across the grain of the board. For example, 
the impact strength with the grain is 0.8 to 1.2 ft.-lb. and across the grain is 0.4 to 
0.45 ft.-lb. The amount of flow also has an effect on the strength. For maximum 


strength, use minimum possible flow. 


These properties vary with the characteristics of the various grades and plasticity 


of the material. 





parts that must have considerable me- 
chanical strength may also require 
good color, high electrical properties 
and other characteristics which can- 
not be obtained from the board alone. 
With the proper combination of blanks 
and molding material, the required 
mechanical strength, color, and elec- 
trical properties can be obtained. 
Resin-board blanks can also be used 
as forms to hold metal inserts in place 
before and during molding. These 
blanks can be used alone or in con- 
junction with standard molding ma- 
terial. Holes are punched in the 
blanks and the metal inserts placed 
tightly in the holes as a separate op- 
eration prior to charging the mold. 
This eliminates distortion or disloca- 
tion of inserts as the mold is closed 
and the material flows. This procedure 


can also reduce the over-all molding 
cycle in multiple-cavity dies because 
the mold can be loaded faster. 

When producing molded parts us- 
ing rectangular or strip resin-board 
blanks in multiple, it is essential to 
bear in mind that the grain direction 
of all blanks must be kept parallel. 
Cross-graining the layers of blanks 
may increase the physical strength of 
the molded piece, but will tend to pro- 
duce warpage as the part cools upon 
discharge from the mold. This is be- 
cause resin-board blanks produced 
from sheets made on a paper-making 
machine have a mold shrinkage of ap- 
proximately 0.002 to 0.004 in. per in. 
with the grain and 0.004 to 0.006 in. 
per in. across the grain. 

To obtain moldings of the best 
mechanical and electrical properties 


Blanks can be used alone, left, or in combination with standard molding material, right. The instrument dial, left, is molded 
from four circular blanks punched from molding board. The controller part, right, has five metal inserts with leads going 


h the entire assembly. Electrical insulation properties and strength are the primary requisites for this unit. 


Resin 


blanks of different shapes are used for maximum reinforcement. Thirteen phenolic-resin board blanks are used. 
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Good mechanical strength features this motor-housing 
molding. The nameplate letters are of contrasting colors 
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Development from resin blanks of the plastic bayonet for parade and 
drill purposes has released innumerable steel bayonets for overseas use 


requires careful technique. Since the 
amount and direction of flow of the 
board during the molding operation 
has a marked effect on part strength, 
it is necessary that the blanks be made 
so that the grain runs in the direction 
where maximum strength is required. 
The resin-board fiber tears if the ma- 
terial flow is too great, or the mold is 
closed so rapidly that the material is 
not fluxed. 

During rainy weather and periods 
of high humidity the board, because 
of its loose structure, has a tendency 
to absorb moisture. In order to secure 
the best results, it is essential that 
the blanks be preheated before mold- 
ing. This decreases the time required 
to produce blister-free parts, improves 
electrical properties, and provides a 
smoother surface and better gloss with 
a thinner flash on the molded piece. 
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The oven preheating should be done 
on trays with screen bottoms. Blanks 
should not be placed on top of each 
other or overlapped, but should be 
laid flat so that they will heat up and 
the moisture will evaporate uniformly. 
When preheating under infra-red 
lamps in cabinets the blanks should 
he placed on edge, at least 34 in. 
apart, in racks. Infra-red lamp pre- 
heating is recommended only for nar- 
row or small blanks, since large 
blanks may not receive a uniform 
heating. This would result in non- 
uniform plasticity at the time of mold- 
ing and may produce warpage and 
non-uniform finished physical proper- 
ties. 

The time of preheating will vary 
with the difference in size and thick- 
ness of the preform. For a preform 
0.062 to 0.125 in. thick it is best to 


pre-heat at 210 to 225 deg. F. for at 
least 8 min. 

The blanks should be charged into 
the mold immediately after removal 
from the preheater so that they do not 
cool and absorb moisture. The pre- 
heat also softens the material so that 
it is somewhat plastic and conforms 
to the shape of the mold without so 
much tendency to break the fibers. 

The best molding temperature for 
both the blanks and diced molding 
material is from 300 to 310 deg. F. In 
general, insufficient heat tends to 
cause the piece to blister and form 
bubble spots, while if the temperature 
is too high the material may tend to 
pre-cure, show porous spots, and give 
a thick cut-off or flash. 

Molding pressures should vary, de- 
pending on the amount of flow and 
the shape of the piece. In general, it 
is recommended that at least 3,000 lb. 
per sq. in. be used. 

A molding material having 2% 
times greater impact strength than 
the general-purpose wood-flour-filled 
materials has recently been made by 
dicing the resin board. This impact 
molding material has a powder den- 
sity comparable to standard molding 
materials and can be preformed in 
either single-stroke or rotary preform- 
ing machines. This low bulk factor, 
3.5 to 1, permits its use in molds orig- 
inally designed for general-purpose 
wood-flour-filled molding material, 
eliminating the need for rebuilding 
molds when it is found necessary to 
use a material of greater strength 
than wood-flour-filled phenolic mate- 
rials. Having the toughness, water re- 
sistance and physical characteristics 
of the resin board, this material has 
found many uses where preforms and 
powder are necessary for production 
speed. 

To secure the best electrical proper- 
ties the material must be preheated to 
remove the moisture. The preheating 
time varies depending on the size and 
thickness of the board or blank. Pre- 
heating for from 20 to 30 min. at a 
temperature of from 185 to 210 deg. 
F. in a circulating oven is recom- 
mended. The dielectric strength at 60 
cycles, step method, is 100 to 130 
volts per mil when molded in the “as 
is” condition, and 250 to 275 volts per 
mil when preheated. The volume re- 
sistivity is 2 to 5 x 10° megohm cm. 
for the “as is” material, and 5 to 9 x 
10° for the preheated material. 

The examples of products made 
from resin boards and blanks and 
described in this article are only 2 
few of many existing uses. They serve 
to indicate the wide field of possible 
future applications. 
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Modified Standard Thread 
For Primary Aircraft Structures 


MARIO DI GIOVANNI 


Project Engineer, Development Division, Curtiss-Wright Corporation 


Incorporation of a root radius to the American (National) thread is pro- 


posed to eliminate undue stress concentrations. Applications and advantages 


of the modified thread in design of primary aircraft structures is explained. 


ODIFICATION of the present 
American (National) form of 
thread to include a radius at 

the root paves the way for general use 
of threaded joint in primary aircraft 
structures and conforms to standard- 
ization requisites. 

Some aircraft designers avoid use 
of threaded joints for primary struc- 
tures, fearing that the American (Na- 
tional) form of thread causes undue 
stress concentrations because of notch 
effects at the bottom of the thread. 
This objection is overcome by the 
modification suggested. 

The round root Whitworth thread is 
often used for highly-loaded threaded 
connections. This practice might well 
be discouraged because it requires 
non-standard parts and the use of taps 
and dies rarely employed in the aver- 
age machine shop. 

Modification of the American (Na- 
tional) thread is easily accomplished 
and greatly improves thread efficiency. 
The root radius can be made equal 
to the maximum “worn tool arc” lim- 
its allowed by American thread stand- 
ards. 

Equations (1) and (2), Fig. 1, can 
be derived from the geometry of thread 
tolerances. Basing the radius on the 
minimum minor diameter of the nut, 
the root radius of the screw, R, which 
will not interfere with the crest flat of 
the nut, is: 

r 


aa 8 X cos 30 deg. 
where P = pitch of thread 
This small radius increases the effec- 
tive cross-sectional area of the screw 
and relieves stress concentrations. In- 
dications of this type of thread’s su- 
periority over the standard form is 
presented in Stanley G. Hall’s pa- 
per entitled “Determination of Stress 
Concentrations in Screw Threads by 
Photoelastic Method,” University of II- 
linois, Engineering Experimental Sta- 
tion Bulletin No. 245, 1943. 
Hall made repeated axial tensile 





= 0.144 P 
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Fig. 1—Modified American (National) form of thread 
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Fig. 2—Cone fitting simplifies alignment and takes all shear loads in this engine 
mount attachment. Coupling nut allows quick disconnection of the power plant 
assembly. Note that the threads take only axial loads 
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Fig. 3—Wing-fuselage connection arrangement. “Wing carry through” tube, heat- 
treated to 180,000 Ib. per sq. in. ultimate tensile strength is inserted through line- 
reamed sleeves welded on a tubular fuselage structure. Cone adaptor is screwed 
into the tube and wing-attachment fittings are installed. Absence of bolts and 
built-up sheet structure makes this a simple compact joint, easy to assemble and 


install, Stress analysis is made easier 
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Fig. 4—Stabilizer attachment fitting 
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tests on 34-16 American (National) 
coarse and 34-16 Whitworth threads, 
S.A.E. 2320 nickel steel, 109,000 jp, 
per sq. in. ultimate tensile strength 
was used. Theoretical stress concen. 
tration factors, K, of 5.62 and 3.86 re. 
spectively were obtained, indicating 
that the Whitworth thread which has a 
root radius of 0.1373 X pitch as com. 
pared with 0.144 x pitch of the modi. 
fied thread, is almost 1.5 times as 
strong as the standard thread. 

Considering higher heat-treatments 
and sizes more common to special air- 
craft alloy bolts, increase in root area 
and radius will make the modified 
thread twice as strong in fatigue as 
ordinary standard thread. Tools on 
hand can easily be ground to incorpo- 
rate this radius, and worn tools after 
slight alteration can be put back into 
service. Limit thread gages and wires 
for the measurement of pitch diam. 
eters are not affected. 

The modified thread is easier to ma- 
chine, particularly in generating 
threads with thread chasers, or taps 
and dies, or milling cutters, or by roll- 
ing. Moreover, a radius at the root is 
highly desirable in finishing a thread 
by grinding or lapping. 

Once the thread profile has been 
modified, other minor problems associ- 
ated with threaded joints are easy to 
solve, such as thread play caused by 
extreme tolerances or radial deflec- 
tions. 

Thread play, seldom apparent in 
thread engagements of more than one 
inch for a Class 3 fit, can obviously be 
eliminated by choosing a Class 4 fit. 
But since precision tools and gages 
made to special tolerances are neces- 
sary for a Class 4 fit, a Class 3 fit is 
recommended with application of some 
mechanical method such as the use of 
jam nuts to eliminate possible play. 

Radial deflection, which sharply re- 
duces the load-carrying capacity of a 
threaded joint, can be held to a mini- 
mum or eliminated by choosing sub- 
stantial wall thicknesses or by rein- 
forcing free ends of the fittings with 
beads. 

Many clever designs can be made 
with threads. A few applications of 
the modified thread in the design of 
primary aircraft structures are illus- 
trated. 

The stabilizer attachment connec- 
tion, Fig. 4, offers a number of features 
worthy of consideration by designers. 
The tube assembly makes for concen- 
tricity of load transmission, both in 
load application and shear center loca- 
tion. Since the connection is designed 
as a beam column, the tube obviously 
offers the best section for combined 
loadings. 
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What Electron Tubes and 
Circuits Can Do 


From the standpoint of industrial electronics, the fundamental opera- 





tions of electron tube circuits can be classified into eight groups as 
follows: 


]. RECTIFIER OPERATION — alternating current can be transformed to 
direct current. 


2. AMPLIFIER OPERATION —small voltages can be increased by ampli- 
fication to operate power switches and relays. 


3. OSCILLATOR OR INVERTER OPERATION —direct current can be 
changed to alternating current of any desired frequency. 


4. PHOTOTUBE OPERATION —light can be converted into electrical volt- 
age or Current. 


| 

| 5. CATHODE RAY TUBE OPERATION —electrical phenomena can be 

| | | “plotted” on screen of cathode ray tube. 
| 

| 

} | 

: 

j 

: 

f 

{ 


6. CONTROLLED RECTIFICATION —alternating current can be changed to 
any value of direct current at will, within rating of tube. 


7. X-RAY TUBE OPERATION —electrical energy converted into radiant 
energy of short wavelength having high penetrating power. 


8. VOLTAGE REGULATION —voltage can be automatically maintained 
within a definite and narrow range. 
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«How Electron Tubes Operate 


and the three-element triode. 


HOW THE DIODE OPERATES 


Plate Battery A heats filament of tube 
ge i causing electrons (negatively charged 
cating current flow particles of electricity) to be “boiled 

as off’ and surround the filament. 

Plate, positively charged by battery 

Direction of flow B, attracts electrons. The flow of 


epee electrons from filament to plate con- 


stitutes an electric current through 


— Filament 


— negative tube as indicated by milliammeter. 

Current through tube will depend 

— upon number of electrons available 

es eaeed (determined by filament tempera- 

> ala] = filament ture) and B-battery voltage. Note — 

A-Battery = Conventional designation for direc- 
for filament 3 6 : : 

' u(t , tion of current flow, from positive 

a to negative, was made arbitrarily 


B-Battery 
for plate 





The two basic types of electron tubes are the two-element diode 


the plates. 












Diode with two plates for full wave 
rectification. Filament is hidden by 


before true nature of current was established; actually it is known 
that electrons flow from negative to positive electrodes. 





HOW THE TRIODE OPERATES 


The addition of a grid, between 
filament and plate, enables the cur- 
rent through the tube to be easily 
controlled. If the grid is sufficiently 
negative, relative to filament, it re- 
pels all electrons and none can flow 
to plate. Decreasing the negative 
voltage on grid permits electrons in 
increasing numbers to pass through 
interstices of grid and pass on to 
plate to establish plate current. Mag- 
nitude of plate current (number of 
electrons flowing between filament 
Three element tube or triode. The fila- and plate) —_ be controlled by grid- 
ment or cathode, providing source of filament voltage. Relatively large 
electrons is hidden by the plate. power in plate circuit can be con- 
trolled by minute changes in grid voltage. Changes in grid voltage pret, 
tequire only infinitesimal amounts of power. sth 
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OTHER TYPES OF ELECTRON TUBES — From these two basic types of tubes 





circuit functions for industrial use are described on the two following pages. 


A-Battery 
for filament 


=*I0h 


Variable 


resistance 


ft 


B-Battery 
for plate 


many 


other industrial electronic devices have been developed. The most common tubes and 
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b— Fea 


TUNGAR OR RECTIGON 


|. — 79 Ho 


KENOTRON 








PLIOTRON 





GRID POOL Tupe 











TYPICAL 
APPLICATIONS 





1. Battery charging installo- 
tions. 2. Low voltage, high cur- 
rent rectifiers. 3. Relaxation 
oscillators. 4. Voltage rectifiers 
for a-c generator sets. 


1. High voltage, low current 
rectifiers for radio receivers. 2. 
Vacuum tube voltmeters. 3. 
Power supplies for broadcast 
and television stations and ap- 
paratus. 


1. Amplifiers and oscillators 
for communication. 2. Induction 
heating. 3. Industrial control 
applications. 4. Frequency mul- 
tipliers and dividers. 5. Dia- 
thermy uses. 


6LOW T 





1. High voltage, high Voltage regui 


controlled rectifier for 
power applications, 2. 
power supply. 3. Switch 
commutation. 4, Currey 
power control. 
























2. Visual 
jon oscilla 
of light. 

6. Protectio 

























INPUT 
OUTPUT ELECTRICAL ENERGY 

——_j——— 
SOURCE OF ue 

(old Cat! 
ELECTRONS Thermionic Cathode Pool Cathode 
METHOD OF ; Electro- | 
CONTROL None Electrostatic None static , 
CHARACTER OF High Low G 
CONTROLLED Pressure Pressure Vacuum “a . Vacuum Vapor Vapor V 
REGION OR SPACE Gas Gas — ™ 
Tungar or ; Pool Grid Pool Tube 

TUBE NAME Rectigon Phanotron Kenotron Thyratron Pliotron Tube Tube | 
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D DDD 
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FUNCTION 


VOLTAGE 
REGULATOR 








WAVE FORM 
ANALYSIS 








LIGHT DETECTION 
AND 
MEASUREMENT 








PRODUCTION OF 
RADIANT ENERGY 
(Usually Light) 



































TYPICAL 
APPLICATIONS 





1. Voltage limiting or break- 
down devices. 2. Pulse genera- 
tors. 3. Trigger devices. 4. Re- 
laxation oscillators. 5. Visual 
indicators. 6. Rectifiers. 


1. Voltage or phase controlled 
rectifier. 2. DC to AC inverter. 
3. Electronic welding. 4. Com- 
mutation and switching. 5. 


Motor speed control. 6. Elec- 


trical timing. 


1. High voltage, high current 
rectifier. 2. Commutation and 
switching. 3. Power supply for 
railway and street car systems. 
4. Current and power control. 


1. Spot welding control. 3 
lumination control. 3. 
commutation. 4. Freq 
transformation. 5. High 
age, high current recti 
DC to AC inversion. 
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X-RAY TUBE 
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STROBOTRON 





VACUUM PHOTOTUBE 








ge, hi Yoltoge regulator ana sta- 
i 2, Visual indicator. 3. 


tifier for : 
ions. 2. _- 4. : Pre 
3. Switchi of light. 5. Rectifica- 


4. Curren 6, Protection of circuits. 


1. Medical examinations. 2. 
Industrial examinations of prod- 
ucts. 3. Crystal examination. 
4. Detection of forged or al- 
tered paintings. 5. Diffraction 
studies. 


1. Television receiving tube. 2. 
Visual indicator for electrical 
measurements of all kinds. 3. 
Application to industrial mea- 
surements. 4, Brain wave 
studies. 


1. Control tube for photographic 
uses. 2. Source of intermittent 
light flashes. 3. Stroboscopic 
measurements. 4. “‘Slowing ac- 
tion” of recurrent moving mech- 
anisms. 


1. Measurement of light and 
color. 2. Picture transmission. 
3. Spectro-photometers. 4. Meu- 
surement and control of high 
temperature. 5. Measurement of 
glare. 
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Thermionic Cold Photoelectric 
(old Cathode Cathode Cathode Cathode 
Electro- tlectro- Electro- Electro- Electro- Radiant Energy 
\ . None : : ; ‘ ‘ 
Eh static static static magnetic static (Light) 
\ } Gas Vacuum Vacuum Vacuum Vacuum Gas Gas Vacuum Vacuum 
Grid Glow X-Ray Electron Cathode Cathode Strobo- Secondary 
4 lobe Tube Tube Ray Tube Ray.Tube Ray Tube tron mene nate Multiplier 
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prirolied voltage regulator 
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. 3. Remote control 
ions. 4. Production of 
5. Current or power con- 


fing control. 
control. 3. 
n. 4. Frege 
in. 5. High 
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1. Visual indicator of voltage. 
2. Bridge balancing indicator. 
3. Tuning indicator on radio 
receivers. 4. Measurement of 
voltage, current or power. 


1. Television tube. 2. Measure- 
ment of e/m of electron. 3. 
Visualizing electrical phenom- 
ena. 4. Industrial and elec- 
trical measurements. 5. Medical 
applications. 


1. Industrial counting, sorting, 
weighing. 2. Light control ele- 
ment. 3. Industrial protection 
and control. 4. Intrusion de- 
tector. 5. Sound-on-film uses. 








1. Measurement and control of 
light and color. 2. Measure- 
ment of density, transmission, 
opacity, glare. 3. Light control 
device of high sensitivity. 
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RECTIFIER CIRCUIT 




























FUNDAMENTAL TUBE CIRCUITS — Operation 
explained by hydraulic analogs and electronic 


Check valve 















































circuits. Several typical industrial applications Hyc 
AY pa are shown for each type of circuit. | drau 
*” roca 
forc 
Porous 
= a Hydraulic motor to f 
Hydraulic Analog — Reciprocating motion imparted me 
| to the porous piston tends to cause oscillating flow pul 
of water in hydraulic circuit but check valve per- hyd 
> ; ' ae , 

mits flow in one direction only. When piston moves 

ie is fi aa counter to valve, water passes through porous piston. 

Thus, a pulsating, unidirectional flow of water is 
furnished to the hydraulic motor or load. Ele 
tery 
Rectifier tube but 
gov 
: Pit aa ool ' fila 

Electronic Circuit — Alternating voltage tends to 
° cap 
+0 hata f\ f\ f\ cause flow of alternating current, but electrons can i 

a ees ‘928  Pulsating output flow only from filament to plate. Electron flow is 
Alternating — ‘ ‘ : ' ‘ this 

current input possible in one direction only. Because of this phe- 

ee circ 

nomena, a pulsating, unidirectional current is sup- 
' ma 

plied as output to the load. 
fro 
al ey 
APPLICATIONS 

Rectifiers may be employed wherever d-c operated equipment is Am 
to be supplied by an a-c source of power. Typical examples cur 
of rectification include: Ty] 
1. Operation of variable speed d-c motors from a-c power line. 
2. Battery chargers. P 
3. Supplying current for electroplating baths. d 
4. Providing power for operation of radio receivers from a-C 


line. ¢ 
. Providing d-c power for railways. 
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Hydraulic Analog — Constant pressure from hy- 
draulic pump, and oscillating pressure from recip- 
rocating pump produces varying but unidirectional 
force on check valve, permitting more or less water 
to flow in one direction in the output circuit. Thus, 
the controlled check valve governs the volume of 
pulsating, unidirectional flow of water from main 
hydraulic pump to hydraulic motor or load. 


Electronic Circuit — Constant voltage from C bat- 
tery and alternating signal voltage produces varying 
but unidirectional voltage on grid of tube, thereby 
governing the quantity of electron flow between 
filament and plate. Varying grid voltage is thus 
capable of controlling flow of considerably larger 
voltages and current in the plate circuit, and for 
this reason the arrangement is called an amplifier 
circuit. Grid voltage variations are reproduced in 
magnified form in plate circuit with power supplied 
from B battery. 


AMPLIFIER CIRCUIT 





Variable volume check valve 
controlled by input circuit 


Porous control 


piston 


Porous input 
circuit 


Input circuit 























Reciprocating 

input motion 
Hydraulic pump 
of input circuit 
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voltage input 





iL 


Grid bias 
battery 





—{ 





APPLICATIONS 


Amplifiers find application wherever small voltages and minute 
currents must be used to actuate power operated equipment. 
Typical applications include: 


Capacity operated protective relays and switches. 
Intrusion detection devices. 

Amplification of voltages from electric strain gages. 
Operation of switches and relays from light beams. 
Sound amplification in interofice communication system. 
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equipment. 


Increasing sensitivity of industrial control and recording 
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OSCILLATOR or INVERTER CIRCUIT 


Hydraulic Analog — With valve on position 1, hy- Rubber diaphragm aS ee 

draulic pumps and reciprocating piston of input a 

circuit produces unidirectional, varying flow of re cil volume valve 

water which is communicated to the output circuit : bh _- spats iat init 
through controlled check valve. Natural frequency 4 eS 
of oscillations in output circuit is determined by the y/ 


inertia of the mass of water in the tank, and the 
elasticity of the rubber diaphragm. If this corre- 
sponds to frequency of variation in input circuit, 
water will oscillate in output circuit. If part of 


H porous piston ope f 
AL] @ 


























Reciprocating motion input 
<«t», 




















= Rubber 
water is now fed from output circuit back to input siabiinet 
circuit, valve may be changed to position 2 and nettci toa . Overt 
oscillations can be sustained by feedback arrange- f 
ment, with power supplied by output circuit hy- Y 
draulic pump. Oscillating output is thus obtained : Hydraulic pump of SS 


output circuit 


from hydraulic pump by resonant tank circuit and 
feedback system. 


Feedback condenser 




















Electronic Circuit — With switch on point 1, alter- t T 

nating voltage applied to grid in series with C bat- igegit : oe 
tery voltage produces varying, unidirectional flow of Get 4, ere : >) cen 
current in output circuit. Because of amplifying . 5. , a4 
properties of tube, power in output circuit is much chk oo ep ted 
greater than in input circuit. If inductance and oO Connecian 
capacitance in plate circuit is resonated with fre- . 7 
quency of input signal voltage, energy from output 4b alaja+-— 

can be fed back to input circuit, switch can be Grid battery Plate battery 


thrown to position 1 and the circuit will produce 
alternating or oscillating currents. These oscillating 
currents are obtained from the B battery by feeding 
back to grid circuit oscillating power which alter- 
nately opens and closes check valve from its mean 
position, converting d-c into a-c. 





APPLICATIONS 





Oscillators or inverters are employed to convert d-c to a-c of any 
desired frequency throughout a wide range of power. Typical appli- 
cations include: 


1. Inverters for operating a-c equipment from d-c sources of 
power. ; 
Radio and carrier communication. 

Induction and dielectric heating. 

Congealing and emulsification at supersonic frequencies. 
Dehydration of food. 
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PHOTOTUBE CIRCUIT © 


Hydraulic Analog — Water, maintained under con- 
stant pressure by means of hydraulic pump, flows 
in one direction only as in the circuits previously 
described. Air flow, from a pneumatic jet, directed 
toward the level of a one-way variable volume valve, 
opens the valve. The stronger the air flow, the larger 
the valve opening becomes, and the greater is the 
flow of water in the hydraulic circuit. When there 
is no air flow, the spring keeps the valve closed, 
thereby cutting off the flow of water. 


Electronic Circuit — A photosensitive cathode in the 
phototube releases electrons when light strikes it, 
the electrons flowing to the positively charged 
anode or plate under the influence of the battery. 
In the absence of light, no electrons can be released 
and no current can flow through the tube. The cur- 
rent through the phototube is proportional to the 
light striking its cathode. 





ee th tee) 


APPLICATIONS 


The phototube finds many industrial applications because of its 


ability to convert light into an electric voltage or current. Among 
its many uses are: 


Safety controls by interruption of light beam. 
Determination and measurement of color. 
Measurement of illumination. 

Transmission of pictures by wire and radio circuits. 
‘Control of color registration in multi-color printing. 
Determination and measurement of high temperatures. 
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catch water 
from screen 
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Hydraulic pump 


Coating on inside of 
glass envelope collects 
secondary electrons emitted 
by the screen 


First anode focuses 
beam of electrons” 


Accelerating grid_ 
accelerates electrons Secondary electrons 
Plates deflect electron 


b ti 
Control grid controls eam vertically 


flow of electrons \ 












Cathode 











| 8 | a| a| 
Second anode Battery 
accelerates electrons 


Electron beam with vertical 
deflection produces luminous 
spof on screen 


Plates deflect 
electron beam Fluorescent screen luminous spot 
horizontally produced where electron beam strikes 


CIRCUIT 


Hydraulic Analog — Hydraulic pump draws water 
from tank and forces it through swivel-mounted ad- 
justable nozzle which concentrates and directs the 
stream against the screen. Vertical and horizontal 
deflection of nozzle are controlled by the auxiliary 
circuit as indicated. Control in horizontal and ver. 
tical direction makes it possible for the stream of 
water to inpinge on any point on screen surface. 


Electronic Circuit — Electrons emitted from the 
cathode are focused by the focusing electrode into 
a concentrated beam. The beam may be deflected 
vertically or horizontally by the vertical and hor- 
zontal pairs of deflecting plates. Upon striking the 
fluorescent screen on the large end of the tube, 
electrons produce a bright spot of light where they 
impinge. By controlling the voltages on the vertical 
and horizontal set of deflecting plates, the spot of 
light can be made to travel over the surface of the 
screen as desired. The intensity of the spot can be 
controlled by varying the number of electrons in the 
beam by changing voltage on control electrode. 















APPLICATIONS 


By converting electrical energy into visible light patterns, the 
cathode ray tube makes possible: 


Formation of television pictures in the television receiver. 
Measurements of voltage, current, power, frequency. 
Electrical measurements of mechanical strain. 
Determination of noise in internal combustion engines. 
Determination of mechanical characteristics such as pres- 
sure, impact, acceleration, linear and torsional oscillation. 

. Illumination measurements. 
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CONTROLLED RECTIFIER CIRCUIT 


Hydraulic Analog — Reciprocating motion applied 
to the porous piston tends to produce a pulsating 
flow of water in the output circuit, but the check 
valve limits the flow of water in only one direction. 
The variable pressure hydraulic pump in the input 
circuit actuates the sliding rod which changes the 
size of the valve aperture. Thus, water flows in 
pulses in the output circuit, the amount of flow 
being controlled by the constant pressure pump in 
the input circuit. Water is delivered to the motor 
or load in pulses, so that while the motor rotates in 
one direction, its speed varies periodically. 


Electronic Circuit — Alternating voltage applied be- 
tween filament and plate of the tube, which acts 
as a rectifier, creates a unidirectional pulsating cur- 
tent in the plate or output circuit. The magnitude 
of this plate current depends upon the voltage ap- 
plied between the grid and filament. Maximum cur- 
rent will be obtained for zero grid voltage, while 
current can be completely cut off by making the 
grid sufficiently negative. 
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APPLICATIONS 


Controlled rectifiers can be used wherever pulsating unidirectional 


current is desired, such as to: 


Vary the intensity of artificial illumination. 
Control the speed of d-c motors operated from a-c lines. 
Control the charging rate of battery chargers. 


Controlled current for electroplating. 


Produce effective electronic welding control mechanisms. 











X-RAY TUBE CIRCUIT. 


Hydraulic Analog — Reciprocating motion of the 
piston provided with a check valve, permits pulses 
of water to flow only in one direction. Water leav- 
ing the nozzle strikes the soft target, spattering some 
of the target substance toward the right. These 
spattered particles are analogous to x-rays. The 
water is collected in the basin and forced back into 
the system by the piston. 


Electronic Circuit —'The x-ray tube is operated with 
a high alternating or direct voltage between cathode 
and target. In the former case the tube also serves 
as its own rectifier. Electrons from the cathode 
strike the target, give up their energy, thereby pro- 
ducing x-rays. The higher the voltage, the greater 
is the penetrating power of the x-ray produced. 





APPLICATIC 


Because x-rays can pass readily through most solid substances, 
they can be used to: 


Examine castings and welds for flaws. 
Study the atomic structure of crystals. 
Inspect platings tor adhesion faults. 
Study: surface corrosion. 
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VOLTAGE REGULATOR CIRCUIT 





Hydraulic Analog — The constant pressure hydraulic 


i Output circuit 
>») pump circulates fluid through the input circuit, the 
Valve contro! piston Net ag position of the porous piston determining the port 
—— opening of the one-way variable volume valve. If 
LJ | the unregulated hydraulic pump in the output cir- 

















Nozk Unregulated i ‘ 
hydraulic pump cuit produces a pressure in excess of the amount as 
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regulated, the excess pressure pulse is communicated 


to the control piston, causing valve to close in pro- 


Regulated moto . 
pr Se portion to the excess pressure. A decrease in pres- 


: SAS sure of the unregulated hydraulic pump will open 
the valve in proportion to decrease in pressure. The 


















































— J) effect is to maintain constant the pressure of fluid 
Hydraulic regulating feedback circuit at the motor or load. 
age age Electronic Circuit — Voltage of the grid battery in 
ae — the input circuit determines the mean value of regu- 
Cas a reeeee af lated current flowing in output or plate circuit. If 
t ery the unregulated voltage in the plate circuit exceeds 





7 the regulated value, the increased voltage is applied 
| , . . 
4+ —-H } J to the grid in such a manner as to decrease the flow 


Regulated output voltage 





of current in the plate circuit. A decrease in the 
prec ge md normal voltage of the unregulated voltage will in- 
feedback resistor 


alt — LAAN A/\/ crease the flow of plate current in proportion to the 
Grid battery decrease in voltage. By this means the current 























through and the voltage across the load are main- 










tained constant. The feedback resistor can be made 
variable to permit adjustment of the degree of 


“way a) ‘T voltage regulation. 
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APPLICATIONS 


There are many applications requiring constancy of voltage, but 
for industrial purposes voltage regulators are important in: 


1. Controlling the voltage of voltage controlled industrial in- 
struments. 

Operation of constant speed or variable speed motors. 

. Meter calibration. 
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APPLICATIONS OF ELECTRO) acu 


CASE HARDENING — High frequency current produced by 
an oscillator circuit is used to heat the surface of metallic 
articles to be case hardened. After the part is heated to the 
proper depth, it is then automatically water quenched. Area 
and depth of metal to be hardened can be controlled. Pho- 
tograph shows a bushing being water quenched after it was 
subjected to induction heating. 





TEXTILE MACHINERY — Riding on threads to loom are tar. 
gets loosely suspended from the warp threads to fit into a 
slotted tube or coiled spring. A light beam passes through 
the tube and strikes a photocell. Should a thread break, the 
target suspended from that thread falls into the tube, ob- 
structs the light and causes the machine to stop. 














ELECTRON MICROSCOPE — Optical microscopes can mag- 
nify a maximum of about 1,000 times. Large electron 
microscope with magnetic or electrostatic lenses, has a wide 
dispersion of electrons which produces a useful magnifica 
tion of 20,000 times or greater. The smaller semi-portable 


electrostatic type, as illustrated, has a useful magnification 
of about 10,000 times. 














COLOR MEASUREMENT AND CONTROL — This recording 
spectrophotometer measures and classifies color by means 
of amplified current from a photoelectric tube. The spectro- 
photometric curve it produces provides a permanent record 
of the colors in the sample. Instrument can assist in match- 
ing or controlling colors in textile, plastic and similar fields. 
Color can be standardized in terms of graphic charts. 















INSPECTION BY X-RAY—Large portable x-ray units, 
mounted either on trucks or hung from cranes, are brought 
to large units for examination of welds and metal structure. 
To inspect small parts they are placed on a conveyor belt 
that carries them past a small x-ray machine which throws 
the image on a fluorescent screen. 
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RCUITS IN INDUSTRY 


CONVEYOR CONTROL — This conveyor system is so con- hs 
trolled by photoelectric tubes that if a box should start to feed conveyor... 
transfer from feed conveyor to the main conveyor, no other Light soyrce 








box can approach on the main conveyor and thereby pile up 
or jam the system. 























TEMPERATURE REGULATION —Temperature of a rotary 
cement kiln is controlled by a photoelectric pyrometer. 
Current from phototube is amplified to operate a record- 
ing thermometer. 
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FACSIMILE TRANSMISSION —It is now possible to write 
a telegram, drop the message down a chute, and have it 
reproduced at the receiving end exactly as it was written, 
and without the services of a telegrapher. Message sheet is 
automatically wrapped around a drum and is scanned by 
a light beam. Weather maps can be transmitted by radio 
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TIME-DELAY RELAY — Circuit consists of a tube to serve 
as a switch, an adjustable resistance or potentiometer, con- 
denser, transformer and resistors. Time delay is regulated 
by adjusting potentiometer. 

















SPOT WELDING — Material previously considered too thin 
can now be welded by units equipped with electronic con- 
trols that automatically regulate the welding time and 
energy. Illustration shows the welding of two pieces of 
aluminum each but 0.067 in. thick. 











































Application of Electronic Circuits — Continued 


MEASUREMENT OF SPEED—A flashing beam of light in a 
circuit controlled by an oscillator, is directed at the element, 
the speed of which is to be measured. The light is mounted 
in a parabolic reflector of a portable instrument. By turning 
a knob, the frequency of the oscillator is adjusted to syn- 
chronize the neon lamp flashes with the r.p.m. of the rotating 
element, which then appears to stand still. Speed is read 
directly. Effective speed range is from 600 to 14,400 r.p.m. 
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SOUN VEL MEIER— Essentially this instrument consists 
of a microphone that is actuated by sound pressure, an am- 
plifier to step up the voltages generated by the microphone, 
and an indicating dial to show the magnitude of the applied 
signals. ‘Tubes used are of the battery type. Instrument read- 
ing gives sound intensity in decibels. 
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High-Strength Cast Irons 
For Machinery Parts 


Examples of highly stressed parts formerly machined from forgings or bar 


stock that have been redesigned to be made from high-strength iron castings. 


IGH-STRENGTH cast irons 

are receiving greater consider- 

ation as a material for ma- 
chine parts because of wartime re- 
strictions and delivery delays in 
obtaining steel castings and forgings, 
declining quality in many instances, 
and priorities in alloying elements. 

Important qualities of cast iron and 
varied applications were widely recog- 
nized in recent years, but general 
adoption was retarded by service ex- 
perience with inherently stronger ma- 
terials. Wartime necessity led to rapid 
adoption of high strength cast irons 
as replacement materials. 

Many of the recent change-overs to 
cast iron will become permanent be- 
cause of advantages obtained in serv- 
ice and reduced cost. This backlog of 
experience merits re-examination. Be- 
cause of the large number of satisfac- 
tory applications there is probably 
one or more that will show the per- 
formance of high strength cast iron 
is sufficiently similar to proposed de- 
sign to justify still further considera- 
tion and utilization of this material. 


There are a number of methods for 
producing high strength cast iron: 


Improvement in foundry equipment; 


closer control by means of instru- 


ments; better knowledge and skill in 


production methods; addition of al- 
loying elements; use of inoculants 
and graphitizers; and special heat- 
treatments. 

The best known of the high strength 


cast irons is called Meehanite. This 


name applies to a group of about 20 


cast irons of different grades and prop- 


erties. These cast irons make use of 
calcium silicide as an inoculant to 


control formation of a homogeneous 


structure in the iron and upon a num- 


ber of other refinements in foundry 
practice. 


In addition, however, the production 


of cast irons of 50,000 to 60,000 lb. 
per sq. in. tensile strength has been 
reported with neither alloys nor spe- 
cial agents as graphitizers. An inter- 
esting development in high strength 
cast iron is a nickel-moly iron hav- 
ing tensile strengths up to 100,000 lb. 
per sq. in. These cast irons have an 


acicular crystal structure produced 
by a special heat treatment. The con- 
tent of alloying elements is low how- 
ever, ranging from 1 to 5 percent 
nickel and 0.1 to 1.5 percent molyb- 
denum. There have been no commer- 
cial applications to date because of 
priorities in alloys. 

A number of other alloy cast irons 
have been used also for special pur- 
poses. Higher cost must be weighed 
against advantages gained with these 
materials. 

Many examples of applications of 
high strength cast irons have been 
collected by the Meehanite Research 
Institute, New Rochelle, N. Y., illus- 
trate various advantages that have 
been obtained in substituting high 
strength cast iron for other materials. 
In most instances there has been little 
if any redesign other than some thick- 
ening of critical sections to compen- 
sate for difference in strength. Because 
of more consistent production of a 
dense homogeneous structure or elim- 
ination of porous or spongy areas, 
failures have often been reduced. 


Machinery Parts Redesigned for High-Strength Cast Iron 





Elastic properties of high- 
strength cast iron are put to use by 
Zagar Tool. Inc., Cleveland, in a 
master collet for a special hold- 
ing fixture. Secret of the success 
of this part is a heat-treatment 
for spring temper after machin- 
ing. Formerly machined from a 
solid bar of SAE 1045 cold-rolled 
steel or hot-rolled machine steel. 
and carburized, each collet re- 
quired 20 lb. of rough bar stock. 
Present castings weigh about 4 
lb., including Ye in. allowance for 
all machined surfaces. Machlin- 
ing time is cut to one-fifth of that 
required for bar stock. Consider- 
ably greater material savings 
were made in the holding fixture 
with which the collet is used. 


(continued on next page! 
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Substitution of high-strength cast 
iron for cast steel in the pressure 
cylinders of hydraulic presses manu- 
factured by E. W. Bliss Company, 
greatly reduced time in delivery of 
castings and almost eliminated struc- 
tural flaws and spongy areas that had 
caused failures or required patching 
by welding before assembly. It cut 
machining time in half and thus re- 
duced over-all cost in spite of a 
slightly increased material cost per 
pound. While the change was made 
under pressure of wartime conditions, 


the new material will probably be re- 
tained permanently. 

These cast cylinders are being made 
in weights ranging from 3,500 to 12,- 
000 lb. Design is unchanged from the 
original cast steel except for some 
thickening of the walls to make up for 
somewhat lower strength of material 
and to increase the factor of safety 
from 6:1 to 8:1, based on a tensile 
strength of 55,000 lb. per sq. inch. 

Although this iron can be welded 
it is impossible to patch spongy areas 
as had been done on steel castings. 
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The few that have had this defect were 
scrapped until recently when it was 
found that porous spots can be inm- 
pregnated by pumping a fluid plastic 
material into the area and then solidi- 
fying it by baking so that it stands 
up under the hydraulic pressure em- 
ployed. An important consideration 
in this application is wearing quality. 
While no difference in wear has been 
observed, it is believed that wear condi- 
tions are better because the graphitic 
structure of the material provides a 
certain amount of self-lubrication. 


This cylinder housing for a rock 
drill manufactured by Cleveland Rock 
Drill Company was formerly ma- 
chined from a solid forging. Since this 
housing must withstand rough han- 
dling and heavy impact forces inci- 
dent to hammering drill rod into rock, 
the ability of Meehanite to withstand 
impact and fatigue stresses, and to 
absorb vibration is demonstrated. 

One of the most attractive advan- 
tages, however, proved to be elimina- 
tion of scoring, which had been a 
problem in the forged steel cylinders. 
In this service the drill cylinder is 
subject to occasional operation with- 
out lubrication. The piston operates 
with twist and sliding actions, and 
heavy side thrust that tends to pro- 
duce considerable wear. 
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Cast grooves are satisfactory 
on this rope drum, which was 
designed by Welin Davit and 
Boat Company for hoisting life- 
boats, whereas the grooves had 
to be machined in the semi-steel 
drums formerly used. Paint and 
wire rope lubricant are sufficient 
protection against corrosion. 
Highest strength cast iron is em- 
ployed and no change in design 
was necessary. The drums are not 
required to resist damage by shell 
fire but are protected now by a 
heavy steel plate case. 


Davit head rollers, formerly 
of bronze, are subject to impact 
loads on small areas of their cir- 
cumference as the result of roll- 
ing motion of a ship. This tends 
to flatten bronze rollers whereas 
high strength cast iron rollers do 
not fail in this way. As a protec- 
tion against corrosion, these roll- 
ers are galvanized. 


In lathe spindles the lack of 
ductility of cast iron is an advan- 
tage. The first Meehanite spindle 
in any type of lathe was used on 
the Denver lathe, but during the 
past two or three years other 
manufacturers have turned to this 
material. A large saving is made 
compared with the cost of SAE 
3250 steel forgings, of which this 
spindle was formerly made. 


(continued on next page) 
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Teel slides are being made of cag 
iron by several manufacturers of 
machine tools. The accompanying 
drawing shows a “turret tool slide” 
used on an automatic screw machine. 
Meehanite of 50,000 Ib. tensile 
strength is heat-treated in this in. 
stance to a Brinell of 269. The ma. 
terial replaces SAE 1045 steel forging. 
This part varies in weight from 150 
to 1,200 lb. Severe shock load tests 
were employed to show that the regu- 
lar slotted tool holders failed at loads 
much lower than that sufficient to tear 
out the T-slots in the slot itself. Other 
applications are tool shanks, machine 
frames, gears, cams, milling cutter 
heads. 
















Pe rt | ee 


Front and back views of a 12 in. milling cutter head 
designed by Cooper-Bessemer to receive blades of the 
“shear clear” type made of high-speed steel. 


Feed heads for the 10 ft. by 10 ft. 
Marcy mill show how large some Mee 


hanite castings 
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Twelve mills with this type of head 
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Drive head worms of high-strength cast iron have a life 
approximately three times longer than the case hardened 
forged steel worm that it replaced. 





are operating satisfactorily for grind- 
ing ore, cement, and clay. 


have been made. 
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Improved design 








Bearing chamber seal between 
main casting and stuffing box flange 
was originally a lead wire, coated 
with paint. On the inner side of the 
stufing box, integrally cast prongs 
pressed against the outer race ring of 
a roller bearing. Shims were used to 


position the outer race in the main 
casting. It was difficult to secure a 
leakproof joint under high pressure 
with the nén-resilient lead wire which 
flattened during assembly. In the re- 
design a perfect seal was obtained by 
casting a continuous ring projection 


instead of prongs on the stuffing box 
casting, and by using a copper seal 
ring between the outer race and the 
face of the ring projection, so that the 
stud load was transmitted directly 
through the stuffing box casting, the 
copper seal ring and the outer race. 
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Long press fit as shown in A was difficult to make 
because of the parts seizing and scoring. By making the 
fit on two diameters as in B, a better fit was obtained with 
less trouble, also the stroke of the press was shorter, but 
entrapped lubricant always prevented the shoulder from 
seating at the counterbore. This was overcome py cutting 
a groove on the large diameter as shown in C. This practice 
does not apply to parts assembled with shrink fits, although 
a stepped diameter design is often an advantage in enabling 
the fit to be made quickly. 
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Piston of a high pressure, double-acting quick return 
hydraulic cylinder pulled the end off of the piston rod, 
because the leakage past the gasket was retained by the 
close fit between the piston and rod. Under these condi- 
tions, the full working pressure acted on the full area of 
the inner end of the piston instead of simply on the area 
of the annulus from the gasket outwards. This more than 
doubled tiie expected load on the end of the piston rod. 
The condition was cured by drilling a relief hole axially 
through the piston at the recessed area. 
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Contrast between heavy and light lines increases legibility of this draw- 
ing, reproduced from a glossy negative photostat. On drawings of such 
complicated assemblies, judicious use of lines of varied weight enhance 
the impression of contour and make up in part for lack of shading 














Rendering and 








The original drawing of a screw assembly above was made by the light-stroke method 
of pencil shading and serves as ah example of reverse shading. Highlights are drawn 
in dark tones. The blueprint or negative form below shows how effectively the 
technique of simple reverse shading can be used to emphasize contour 

















Reproduction 


HE primary factor governing 
choice of technique or repro- 
duction method for graphic il- 
lustrations is the ultimate purpose of 
the drawing. There are other factors 
such as the time element, warranted 
expenditure and legibility of the draw- 
ing in its reproduced form, but these 
points are in turn governed by the 
ultimate purpose of the illustration. 
Graphic illustration has become so 
broad in scope that frequently one 
drawing, or series of drawings, serves 
more than one purpose and may re- 
quire various reproduction processes. 
A technique or rendering must be 
chosen to suit all or most all of the 
reproduction methods anticipated. 
Line drawings of either pencil or 
ink may be weak or confusing if only 
one strength line is used. It is advis- 
able to vary the strength and thick- 
ness of line in much the same man- 
ner as recommended for good ortho- 
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graphic drawing, except for the sim- 
plest of subjects. General outline and 
jmportant contour lines should be 
strongest and lines of secondary im- 
portance treated as such. There should 
not, however, be more than a few 
line weights used or the drawing will 
lack coherence. 

Ink-line renderings take more time 
than pencil line, but they make 
sharper prints regardless of the re- 
production method employed. The 
new Wrico slant-handled lettering pen 
saves time in preparing ink-line draw- 
ings and helps maintain an even 
weight line. The round point makes 
it possible to draw curves without 
changing the position of the hand. 

In general, line drawings take less 
time than other methods of rendering 
and lend themselves readily to all 
types of reproduction. However, they 
do not have the clarity or effectiveness 
of properly shaded drawings. 


Shaded Renderings 


It is advisable to use shading spar- 
ingly for design sketches or produc- 
tion illustrations. A shaded technique 
reduced to the simplest possible form 
serves the purpose of such graphics, 
which are made to aid departments in 
visualizing the part or assembly in 
three dimensions. Graphics made for 
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Craftint double-tone papers were used for this visual. Chemicals brushed 
over the area to be shaded give the appearance of ink shading and save 
much time. I[llustrations can be blueprinted or made in positive tones 


Methods For Graphic Illustrations 


JOHN GONZALES, Chief, Graphic Illustration 


R. R. WIESE, Administrative Engineer 


Fleetwings Division of Kaiser Cargo, Inc. 


Drawing technique and reproduction methods are dependent on each 


other. In this article the various types of technique and reproduc- 


tion methods are weighed against factors involving their selection. 























Use of stomps—a wadding dipped in 
graphite—achieves effective shading as 
represented in this illustration 


other purposes such as service hand- 
books, presentation booklets and cata- 
logs can be shaded more fully. 

If the illustration is to be repro- 
duced solely by blueprinting, a tech- 
nique of reverse shading improves 
legibility by partially counteracting 
the unnatural “negative” appearance 
of the print. 

Pencil shading falls into three major 
categories — broad-stroke shading, 
smudge shading and light-stroke shad- 
ing. Broad-stroke shading is used 
mostly for rough sketches. Its only ad- 
vantages lie in its speed and in the 
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fact it clarifies shape where quick, 
freehand lines are inadequate. 
Smudging can be done with the 
finger, but use of stomps achieves bet- 
ter results. If the drawing is to be 
done on vellum or other thin material, 
several thicknesses of paper must be 
placed under the drawing or it will 
be difficult to get even tones. Smudge 
shading seems to have fairly wide- 
spread use, but it is better to avoid this 
method because it is difficult to con- 
trol, especially if the drawing is to be 
blueprinted or reproduced by any 
other contact method where light is 
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This intricate design was illustrated by airbrush technique. Mechanical subjects are 
best rendered by airbrush. Airbrush illustrations take longer to complete but they 
are excellent for reproduction in handbooks, catalogs and brochures 


projected through the drawing. In 
such methods of reproduction, trans- 
parency and opacity control tones 
which appear in the print. Fre- 
quently smudge drawings, which ap- 
pear to have even gradations of tone, 
print unsatisfactorily because light 
tones which have been “built-up” may 
be more opaque than dark tones ap- 
plied direct. This is attributed to 
transfer of most of the graphite from 
the stomp to the paper with the first 
few strokes for the dark tones without 
destroying the paper’s surface or 
“tooth.” Thus intermediate tones 
blending from dark to light require 
repeated strokes of increased pressure 
over the same area. This has the ef- 
fect of sealing the paper’s pores, pre- 
venting light from penetrating in the 
desired relative degrees. Because of 
the varied effect on the surface of the 
paper, reproductions made by reflected 





light methods may also appear spotty. 

The light-stroke method is the most 
satisfactory technique for pencil shad- 
ing. The pencil is held lightly by the 
fingertips in about the same position 
as a flashlight and the point moved 
back and forth over the paper in 
steady, even strokes. Weight of the 
pencil is sufficient for lighter tones 
and only slight pressure is needed for 
the dark tones. The surface of the 
paper is not impaired and the repro- 
duction will be reasonably faithful. 

Elaborate and unnecessary tones 
should be avoided. Tones should be 
simple and as few as possible to con- 
vey solidity, depth and contour. Simple 
shading can aid the outline but it 
should be used as an auxiliary factor. 

Ink shading is more difficult and 
time-consuming, and is seldom used 
except on patent drawings. Reverse 
shading can be added in pencil on 
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ink-line drawings that are to be bly. 
printed. If the ultimate reproductio, 
method is such that halftone printing 


including photo offset and letter preg f 


is more costly than line, Craftin: 
double-tone papers give the impreg. 


sion of ink shading in a fraction of the 
required for free-hand cross. J 
hatch. The Craftint papers are im. — 


time 


pregnated with two tones of crogg. 
hatch lines that are made visible by 





| 





3 100 
application of chemicals brushed over |) ; 
the area to be shaded. Similarly, stip. | 
pling and other ink shading effects | 
can be produced by pencil on Co} 


quille and Ross boards available in} hot 


various patterns. Such drawings are} ett 


reproduced as line cuts which cost ff 
less than halftones but are as effective, 


Craftint is available in vellum and 


bristol board and illustrations can he § 


blueprinted or reproduced in positive, 

Because most graphics illustrate 
mechanical objects, scratchy free 
hand pen shading should be avoided, 


Wash Drawings 


Wash drawings are water color 
paintings in black, white and gray 
tones. For full-shaded illustrations, 
wash is faster than pencil shading 
and reproduces more faithfully. It 
cannot be used for blueprint repro 
duction because it requires the use of 
heavy drawing papers such as bristol 
and illustration boards, which are nat- 
urally opaque. Opacity of the mate 
rial is only one of many reasons why 
wash drawings are unsuited for de 
sign or production illustrations. In the 
process of design development the 
time element is of vital importance 
and the constant changes that are an 
integral part of this work preclude 
the use of any medium but pencil. 
Production illustrations are also sub- 
ject to change, dependent upon time, 
and thus are limited to the use of 
transparent drawing papers. 

Inasmuch as illustrations for serv- 
ice handbooks and catalogs are made 
after the design has been frozen, it is 
practical to take advantage of the ex- 
pressiveness of wash and/or airbrush 
drawings. They take more time than 
most pencil and ink techniques with 
the exception of full-shaded render- 
ings in either of the latter mediums. 
They can be reproduced by photostat 
or Electrocopyist for the same cost as 
line drawings. Prints by these methods 
are superior to those of pencil render- 
ings. In standard printing methods 
that require screen processes for half- 
tone reproduction, wash drawings cost 
more than line or Craftint types of 
shading, but they give better definition 
of tone than pencil drawings. Pencil 
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shading also requires halftone repro- 
duction and, therefore, costs as much. 

Airbrush is by far the most effective 
medium for portraying mechanical 
subjects. Airbrush renderings take 
more time than other mediums but are 
clearer and produce many unusual 
effects. They are unsuited to design or 
production illustrations, but are ex- 
ceptionally flexible for service hand- 
books, catalogs or presentation book- 
lets. One such booklet, which required 
12 drawings—mostly exploded assem- 
blies and production details entirely in 
airbrush—was completed in 300 man- 
hours, which included layout, hand- 
lettered headings and coordinating the 
text and illustrations for the printer. 
A previous booklet of similar size and 
content had been rendered in wash 
and carbon pencil by experienced, 
artists in 180 man-hours. 


Reproduction Methods 


The fastest, least expensive and 
most generally used method of repro- 
duction is blueprinting. Limiting fac- 
tors of blueprinting necessitate use of 
transparent or translucent drawing 
paper and preclude use of mediums 
other than pencil or ink. 

The black and white methods of re- 
production, such as Ozalid and Brun- 
ing, have approximately the same ad- 
vantage in speed and cost, and are sub- 
ject to the same limitations. Prints 
made by these methods are positive 


black-line prints on white or tinted 
paper and offer other advantages in- 
cluding use of normal rather than re- 
verse shading. If the ultimate purposes 
of the drawing require that it also be 
reproduced by photostat, photo offset 
or other “positive” method, normal 
shading is more desirable, even if it 
must be blueprinted as well. 

Photostats and Electrocopyist prints 
cost more and take more time to pro- 
duce. However, any type of drawing 
paper or board can be used, and any 
medium can be reproduced by these 
methods. Full-shaded pencil drawings 
reproduce with better definition of 
tone than by any of the aforemen- 
tioned methods. 

The Electrocopyist machine, like the 
blueprint and the black and white 
machine, can reproduce only size for 
size, whereas the photostat machine 
can enlarge or reduce. 

In instances where drawings are to 
be reproduced in report or booklet 
size and in quantities of 100 or more, 
photo offset printing usually proves 
the most economical method. In all of 
the methods discussed, shading, or the 
lack of it, has no bearing upon the 
cost of prints. In photo offset, however, 
shaded drawings require halftone re- 
production which is more costly than 
line reproduction. Halftone costs may 
be circumvented by use of Craftint 
paper or Coquille and Ross boards. 

Estimates of comparative costs will 
determine the quantity up to which 


LOCKED POSITION 


UNLOCKED POSITION 


photostats will be most economical 
and beyond which offset printing will 
be cheaper. Use of both sides of the 
paper through photo offset printing 
must be considered, especially if the 
proposed report or booklet is to con- 
tain many pages. 

It is often advisable to make photo- 
graphic copies of multi-purpose draw- 
ings before part numbers or any other 
lettering has been added. Part num- 
bers and shop notes can be added to 
production drawings after photo- 
graphing, and the drawings released 
in the usual manner. The photographs 
can then be used for service handbooks 
and similar publications in which key 
numbers may be more suitable than 
part numbers. Furthermore, these lat- 
ter purposes may require the identifi- 
cation of fewer parts, in which case 
lettering required for shop use might 
interfere with the clarity of the draw- 
ing and become confusing. Key num- 
bers or whatever lettering is required 
can be added directly to the photo- 
graphic print or to an acetate overlay. 
Changes, additions, blocked-out parts, 
emphasis or added contrast can be 
done by retouching the photograph. 

Each of the various methods of re- 
production has its own distinct uses. 
It is recommended that a chart of com- 
parative costs and rates of speed and, 
perhaps, a list of some of the major 
advantages and limitations be made 
up and kept handy to aid in the selec- 
tion of the most suitable method. 





Typical wash drawing of a parking lock. Made for use in a service handbook, this illustration was turned out much 
faster than could have been accomplished by pencil shading. Heavy drawing papers are necessary for wash drawings 
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Progress in the development of American-made synthetic sapphires is 
graphically depicted. The 14-carat white, opaque and shattered boule at 
the extreme left is an early attempt in 1940. The next 20-carat, clear 


boule followed. The 200-carat boule, second from right, is representa- 


tive of present commercial material. The boule at extreme right is a re- 


cent model of about 350 carats, flawless, hard and perfect in formation 





Synthetic Sapphire Production 


Reaches Commercial Scale in U. S. 


American development and production of synthetic sapphire for bearings 


are reviewed. Charts are presented showing properties of synthetic corun- 


dum and spinel, a synthetic mineral. Post-war applications are considered. 


YNTHETIC sapphires and rubies, 
vitally important for wear-resis- 
tant bearings in precision instru- 
ments of war, are being produced in 
America today in commercial quanti- 
ties. This production presages undis- 
puted opportunity for design engineers 
to arrive at new applications for syn- 
thetic corundum in wartime equip- 
ment and myriad post-war items. 
Chemically, synthetic corundum is 
a particular crystal form of aluminum 
oxide. It has unique physical, chemical 
and optical properties. On the basis 
of the Moh scale of mineral hardness, 
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sapphire stands second to diamond. 
The high hardness of sapphire ac- 
counts for its use as a bearing mate- 
rial in watches, balances, various mili- 
tary instruments, electric watt-meters 
and other precision mechanisms. 

The saga of American development 
and production of synthetic corundum 
covers a span of less than two years 
and stands as a tribute to the ingen- 
uity and resourcefulness of American 
chemists and engineers. 

Advent of the war halted this na- 
tion’s importation of synthetic corun- 
dum from its only source, Europe. In- 


adequate supplies of sapphire bear- 
ings and their importance to certain 
military goods prompted the U. S. 
Government to urge an all-out domes- 
tic production effort. Under pressure 
of time and without the aid of Euro- 
pean experts, the Linde Air Products 
Company, a unit of Union Carbide 
and Carbon Corporation, attained the 
Government’s goal after careful and 
tedious experimentation. 

For synthetic sapphire and ruby, 
aluminum oxide is purified and pig: 
ment added for color. The aluminum 
oxide or alumina is fed into an oxy- 
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hydrogen flame and the fused material 
js deposited on a fireclay pedestal in 


Properties of Synthetic Sapphire and Spinel 


























the form of a Ny ste mass Sapphire Spinel 
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single crystal and possesses marke as dint wanna eats ecadae oaaaes 2050 deg.C. 2135 deg.C. 
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or in a variety of colors. bets sinh ndes ened ve sdene stb 1.760, 1.768 1.72 
The sapphire crystal develops in- Chromatic dispersion (nr—nc)..........-.00.0005. 0.012 
ternal stresses as it grows. The com- ie 
pleted crystal is split longitudinally v,.= a. Te Perr ry Tec Te Tee eT ee ee 65 
to relieve this stress. Before splitting, , . : 
the average boule weighs 200 carats. Infrared transmission at 10,000 A., for 5mm. thickness 90 percent 85 percent 
. ce b f ‘. Infrared limit of transparency (30 percent trans- 
Boules have been formed, however, er orcas cnask veccaueee 60,000 A. 50,000 A. 
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waiches where wi = pores i —i«Ci«Ci«*CR ERR Excellent Excellent 
Synthetic corundum is used chiefly Water absorption............-.......--.....-.... 0 0 
today as a bearing material, but an- 
other important application embraces el see SOCCER RET TEL Ee 0.2 
jts use as a gage material. Advantages hermal conductivity, cal. /sec. /cm./deg. ae 0.01 
hire f » Te te hand Thermal Ss peor coefficient, per deg. C........... 5.9x 10* 
of sapphire tor gages are: It is harder WUEUMII 5s... c0-..c-ccccsccccoccee 6.2x 10+ 
than any of the materials it will gage, Perpendicular to C-axis.................e000. 5.4x 10+ 
thus assuring long life; it retains a . i 
high polish; it will not distort or be- Electrical conductivity, (ohm — =)". 2 oa = ay 
come scratched; it is strong and not 1500 aa, Cc” (10+ 
easily broken; and it is not subject to 2000 deg. C.. 10° 
corrosive attack. Synthetic sapphire 
has been used successfully on plug, 
ring and snap gages, and as an anvil 
material on comparators. Weight Relationships 
Rod Corundum Emerges 5 a Se 
Tro Avoirdupois 
A remarkable highlight of this a . ~ — = 
, : : ‘ 200335 6 uilana's 5 ssid ga 4 Binio es, Mneaie ee a 55. . 
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undum is the development in two 








Three types of synthetic corundum produced in this country. Left to right, split 
boule of clear sapphire, rod corundum, and split boule of ruby variety, the red color 
mparted by metallic oxide additions. Boules are split to relieve internal stresses 
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short years of a long crystal form 
known as rod corundum. This accom- 
plishment is more fully appreciated 
when it is realized that European re- 
search experts spent 40 years in a 
vain attempt to produce rod corun- 
dum, and finally reached the conclu- 
sion that it was impossible to attain. 
They had not reckoned with the 
dogged determination of American 
chemists and engineers. 

Crystals of rod corundum produced 
in this nation vary from 0.050 to 
0.110 inches in diameter and have al- 
ready been made in lengths up to 30 
inches. The range of diameters em- 
braces those commonly required for 
jewel bearings. 

Rod corundum is annealed in the 
making. To make finished bearings or 
cylinders, it is merely necessary to 
centerless grind the rod and then cut 
off cylinders of desired length. Rod 
corundum substantially reduces fabri- 
cating time and costs because several 
of the steps required to reduce boule 


eed 
a 
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to smal] round blanks are eliminated 
entirely. Corundum is cut with dia- 
mond-impregnated copper saws. The 
rod form minimizes use of the critical 
materials comprising the cutting saws. 


Spinel in Laboratory Stage 


In addition to corundum, a syn- 
thetic mineral known as spinel is be- 
ing produced experimentally in this 
country. Spinel is magnesium alum- 
inum oxide and can be produced clear 
or in colors. Spinel, though not as 
hard as sapphire, is harder than steel, 
glass or quartz and therefore has 
found considerable usefulness as a 
bearing material. It is grown in the 
same manner as sapphire. Spinel is 
not being produced on a commercial 
scale at present. 

White boules or sapphires are the 
desired industrial product, although 
red boules are being produced in some 
quantity. In general all synthetic and 





$A eeve 


natural corundums are chemically 
identical. The pigment has little ef- 
fect on specific gravity and refractive 
index. Differences in hardness are ex- 
ceedingly difficult to measure without 
elaborate equipment. 

Because of similarities in proper- 
ties, the synthetic and natural stones 
are best differentiated by visual in- 
spection. Inasmuch as the synthetics 
are cut into gem stones weighing sev- 
eral carats, it is generally safe to as- 
sume that a sizable stone is synthetic. 
Furthermore, all natural stones con- 
tain imperfections which are often ob- 
servable with the naked eye and 
rarely escape the jeweler’s loupe. 
Positive identification can be attained 
by observation under a high-power 
microscope. 

Synthetic corundum is allocated to- 
day for war purposes. Every airplane 
requires 75 to 100 sapphire bearings 
for instruments; range finders require 
large numbers of such bearings, and 





te 


Synthetic corundum boule is shown forming in an oxygen-hydrogen furnace which 
has been opened for the purpose of photography. Boule has marked homogeneity 
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Comparison of Physical 
Properties 





Hardness (Moh’s scale) 
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Specific Heat 


eS 0.05 

opper. 0.09 
_ Se eee 0.10 
Glass (crown)......... 0 16 
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Thermal Conductivity. 
cal./sec./cm. deg. C. 





Asbestos fiber......... 0.00019 
Glass (crown)......... 0. 0025 
SO Sree 0 0023 
Re cs he ican 0 O01 
eee 0.01 
eee 0.107 
LO are ere 0.908 
NS AG a ei ek ahs 0.992 
Thermal Expansion 
Coefficient, per deg. C. x 104 

I oe cag, 5 4'a's- tk A 4.1 
Sapphire 

perpendicular to C-axis 5.4 

parallel to C-axis..... 6.2 
ee 5.9 
| EE 7.8 
Glass (crown.......... 89 
Ne ee 13 0 
oe Sees re 170 
ES re 18.8 





the same is true of other delicate mili- 
tary mechanisms meeting high stand- 
ards of accuracy and dependability. 


Peacetime Applications 


Synthetic sapphire for bearings will 
increase in use as fabricating facilities 
are established throughout the nation. 
Rod corundum when generally avail- 
able will find its initial use in the 
fabrication of bearings. But peacetime 
applications will progress as engi 
neers and designers learn of the ex- 
istence and properties of these syn- 
thetic crystals. 

Suggested peacetime applications of 
synthetic corundum include the fol- 
lowing: Bearings, thread guides, ex- 
trusion dies, gages, knife edges, spray 
nozzles, diesel injector nozzles, oil 
burner nozzles, soft wire dies, phono- 
graph needles, machine tovls fer soft 
metals, burnishing tools for soft 
metals, pressure vessel windows, elec- 
trical insulators and synthetic fiber 
extrusion dies. Spinel applications are 
envisioned for bearings, gage blocks 
and optical goods. 
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INDUSTRY AND SOCIETIES 


NEWS - READER LETTERS - MEETINGS 





Machine Gunners Train 
With Plastic Bullets 


ALL THE NOISE and recoil vibration 
of war conditions are reproduced in 
a machine gun which uses plastic 
pellets for training purposes. The gun 
is built to actual size and appearance 
of the Browning 50-cal. machine gun, 
and was developed by the Edison Gen- 
eral Electric Appliance Co. It oper- 
ates by electricity and fires 600 rounds 
of plastic bullets per min., the same 
rate as the Browning weapon. 


One of the chief advantages of the 
training gun is the lower cost of the 
bullet—less than 1¢ each as compared 
with 30¢ a piece for standard 50-cal. 
bullets. Furthermore, the plastic 
pellets can be used indefinitely with 
an occasional soap and water cleaning. 

Amplified “explosions” of com- 
pressed air accustom the trainee to 
the distraction of actual muzzle blast 
and recoil. Recordings of dive bomb- 
ers and other battle sounds emitted by 
a loud speaker provide the sound 
effects of actual warfare. 





Containers for High-Pressure Gases and Liquids 





New drawing methods and metal- 
lurgical treatment have resulted in 
containers for high pressure gases and 
liquids that are designed for pressures 
up to 1,800 lb. per sq. in. combined 
with light weight. Empty containers 


Walter Kidde ¢ Company 
weigh from 1% lb. for the 20 cu. in. 
size, to 21 lb. for the 646 cu. in. size. 
The containers crush without shatter- 
ing and can be supplied in special 
non-fragmenting form. Various sizes 
of these containers are illustrated. 
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buotinys, 1ne. 
What is believed to be the largest 
rubber-insulated bushing yet manu- 
factured is shown in this illustration, 
compared with a Rubberflex bushing 
of a standard type which has a diam- 
eter less than 1 in. The large bush- 
ing is capable of sustaining a radial 
load of 10,000 lb. while under a tor- 
sional oscillating movement of 3 deg. 
at 1,800 cycles per min. The inner 
steel member is an oil grooved-shaft 
bearing 36 in. long. The outer steel 
shell has a length of 28 in. and a 
diameter of 5% in. 





New Adhesive 
Developed for Plywood 


BODIES OF MILITARY HELICOPTERS are 
being formed of plywood bonded with 
a new adhesive developed by E. I. 
du Pont de Nemours & Company. 
Composition of the material, known 
as No. 4624, is secret, but the state- 
ment is made that it is both thermo- 
plastic and thermosetting. When ply- 
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Plastic Flashlights Save Lives of Sailors From Torpedoed Ships 





Celanese Celluloid 


ships are being saved because the men 
are equipped with lights like this 
made of plastic. The base is made of | 
opaque-red cellulose acetate and the | 
domed top is of transparent-red cel. 

lulose acetate. The top combines the | 
lens and cap in one piece and has an 

inside flange that lights the lamp;| 
when the top is screwed down tightly, | 
A projection is molded to the outer! 

side of the dome to allow tightening 
of the cap without covering the light. | 
Thirty inches of cord are attached to) 
the light and the safety pin is used tof 


Lives of sailors from “i 


fasten the end of the cord to a lifeh 


belt. The spring clamp is for snap. 
ping the light to the collar or any 
clothing near the head of the wearer. 
The battery is of the ordinary flash 
light variety. The light is molded by 
Injection Molding Corp. 





covered forms are heated under pres- 
sure in ovens, the adhesive at first be- 
comes fluid and permits the layers of 
thin wooden strips to move into inti- 
mate contact. After 20 min. the ad- 
hesive sets as a tough, heat-resistant, 


insoluble material. The adhesive with- 
stands boiling in water for three hours 
and retains its flexibility at low tem- 
peratures. It can be used only for 
military uses now but will be gener- 
ally available after the war. 





Discussions and Comments From 


DIFFERENCES BETWEEN 
RECURRENT AND TRIAL-AND- 
ERROR METHODS 


To the Editor: 


“Higher Degree Equations Solved 
by Recurrent Methods,” by W. A. 
Douglas, II, July, 1943, Propuct En- 
GINEERING, page 451, deserves discus- 
sion in view of my letter, “Trial and 
Error as a Precision Method,” in June, 
page 384. 

Let the columns for n and t, of both 
Table I and Table II of the former 
article be set down, together with first 
differences in t, and the ratio of suc- 
cessive differences, r 

The important thing to note is that 
the ratio of successive differences is a 
constant, absolute values considered. 
Hence, it becomes possible to calcu- 
late the additional values to have the 
difference between the last pair of 
values 0.000001 for six-place compu- 
tation. Let m be the number of addi- 
tional steps. Then in the two cases 


672 


Readers 


the equations are 


4.8" X 0.000001 = 0.001000 
and 4.7" X 0.000001 = 0.003000 


Solving, m in the first case is 4.4 and 
we should use five, or a total of eleven, 
steps. In the second, m is 5.17 and we 
should use six, or a total of eleven, 
steps. 

In Table I, the recurrent method re- 
quires the extraction of a root. As 
long as a few places are required and 
tables are available, this is not diffi- 
cult, but when seeking six-place or 
higher accuracy the work rapidly be- 
comes much more difficult. Table II 
to the same accuracy may be made to 
depend on available six- or seven-place 
natural functions. Both cases require 
considerable work for the higher ac- 
curacies. 

In my trial-and-error method, only 
powers and differences are calculated, 
a much easier thing than root extrac- 
tion. Knowing that the solution lay 
between 0.62 and 0.66, five trial calcu- 
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lations sufficed, including two steps of 
interpolation. Knowing the result to 
lie between 0.642 and 0.643, two trial 
calculations and one _ interpolation 
would suffice. 

It will be seen that use of the recur- 
rent method is easy and avoids my 
trial-and-error difficulties in securing 
a reasonably narrow region to bracket 
for calculation. The trial-and-error 
method is then much simpler for the 
additional precision. Hence, I now 
recommend using the __ recurrent 
method until the difference between 











TABLE I 

n ‘. dt, r 

| 1.000 
—0.450 

2 0.550 4.02 
+0.112 

3 0.662 ee 
—0.024 

4 0.638 4.8 
+0.005 

5 0.643 5.0 
—0.001 

6 0.642 

TABLE II 

n = dt, 

1 90.0 
—27.4 

2 62.6 4.15 
— 6.6 

3 56.0 re 
— 1.4 

4 54.6 4.7 
— 0.3 

5 54.3 
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the last two-values is about 0.001, and 
then use the trial-and-error method 
for the final precision determination 
of the result, using two steps of trial 
and one of interpolation for six-place 
accuracy. 

It is fully realized that for design 
work the recurrent method alone is 
sufficient, but for precision the com- 
bined method is by far the simplest 
and most rapid for a given accuracy. 

—Epwarp A. RIcHARDSON 


ANALYSIS OF LONG-TAPERED 
STRUTS 


To the Editor: 

I was interested in the article, 
“Tapered and Stepped Columns De- 
signed for Minimum Weight,” by A. 
H. Church in Propuct ENGINEERING, 
Aug., 1943, p. 499. In April, 1923, 
Aerial Age published a brief article 
for me entitled, “The Strength and Air 
Resistance of Tapered Struts,” which 
used a method for handling the dif- 
ferential equation quite different from 
that of any other, at least to my 
knowledge. Since I was able to show 
a reduction of weight of over 30 per- 
cent with one type of column while 
maintaining the load and aerodynamic 
resistance, the method might be gen- 
eralized to advantage. 

The equation 


EI Ta) + P@- =0 


is usually solved on the basis of J as 
some particular function of x. We 
can secure a larger variety of columns 
to study and conserve effort in calcu- 
lation provided we adopt the converse 
procedure of adopting an arbitrary 
curvature of the loaded column and 
determine therefrom the distribution 
of J as a function of x. The above 
equation assumes that the origin of 
coordinates is at the column center 
and that a and y are measured there- 
from, while x ranges from zero to 
L/2. (L if the column is fixed at the 
center of origin and free at the end). 

When we set the curvature, we sub- 
stitute the value d2y/dx? equals F (x) 
in the differential equation where F 
is an arbitrary function avoiding a 
zero or infinite curvature at the center 
of origin section whose moment of in- 
ertia is ],. By integrating F(x) twice 
y may be found, remembering that the 
constants of integration are both zero, 
since both y and dy/dx are both zero 
at the center, or base section. Call the 
integral y equals G(x). Then a is 
found from a equals G(L/2). 

We can now write our equation in 
the form 


EI [F (z)] + P [a — G (z)] = 0. 


Electric Brain Studies Electronic Tubes 





Better electronic tubes are an- 
ticipated as a result of data collected 
from this “memory” and recording 
machine developed by the Westing- 
house Electric & Manufacturing Com- 
pany. The machine was built to study 
“firing” of electronic tubes due to 
current surges. It consists of an elec- 
tric motor, not much bigger than one 
used on a washing machine, which has 
had the copper wires of the armature 


replaced with layers of aluminum coil 
and paper. These layers act as reser- 
voirs for an electric charge which is 
released when tapped. The modified 
motor, driven by a standard motor, 
is connected with an oscillograph. 
When a surge occurs it is held in the 
modified motor until the oscillograph 
begins operation. Then the variation 
in current is recorded on a motion 
picture film in the oscillograph. 





Hence, 
_ Pf/a-G, 
-;3(— 
If the base section is J,, then 

I,_ (a —G,) F. 

is (a — 0) F, 
since G, equals 0. The strength is 
easily calculated as P equals KE/,/L?* 
by substituting at x equals 0 in the 
differential equation. 


I 
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Since only the moment of inertia is 
determined with regard to the length, 
different types of struts will be ob- 
tained according to whether a solid, 
hollow or cast strut is designed, per- 
haps using metal of constant thickness 
in one form of hollow strut, or metal 
of varying thickness in the cast strut. 

The above discussion applies to the 
case of a straight column with zero 
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eccentricity. It will be observed that 
the method is sufficiently general to 
permit of the introduction of either 
an initial eccentricity or of an initial 
curvature in the value for G(x). In 
this case we start with G(x) and de- 
rive F(x). In “Columns,” by Salmon, 
it has been shown that the failure load 
is relatively insensitive to the assumed 
form of the initial curvature. 

As a simple example, let F(x) 
equal Q. Then G(x) equals %4Qx?. 
Hence, a equals QL?/8. Then /,/I, 


becomes 
zr 2 
1~«* ( i) 


The strength of the strut becomes 
E1.Q + “2 = 0 


Hence, (changing sign) 
8 El, 
P 

Instead of 8, the usual straight pin- 
ended Euler strut formula would give 
9.87. P is of course the failure load. 
8 equals K (above). 

The above strut is round ended. No 
serious error would occur through 
modifying the ends to take the end- 
section loads. 

Other comments will be found in 
the Aerial Age article. 

Another function would be 4 plus 
Bx. And so on. 

This method of calculation is par- 
ticularly valuable whenever the de- 
sired longitudinal sections may be se- 
cured in a strut produced by casting, 
forging, or by the new method of tube 
bulging, or even by the welding up of 
formed sheet metal. 

I think it will be seen that the 
method is extremely simple and can 
be applied. —E. A. RicHARDSON 


P = 





READER CALLS FOR HELP 
IN FIGURING BEARING LOAD 


To the Editor: 


We are confronted with the prob- 
lem of figuring the load on the bear- 





600 Ib. per sq. 17. pressure 
| la 








D= od. of gear= 2 %e in. 
L= length of gear=27% in. 














ings of a rotary gear pump. We made 
an educated guess, as follows: 

Assume full load pressure over half 
of the projected area of one gear per 
pair of bearings. Then 


5D X L = 1.156 X 2h = 2.90 sq. in. 
and load per bearing = 2 
= 1,160 lb. 





If you ever have come across a simi. 
lar problem and in case you are ing 
position to advise us in this matter we 
would very much appreciate your com. 
ments. —H. J. Smitg 


Eprror’s Nore—Readers who can help 
Mr. Smith with this problem are 
asked to send their solutions to Prop. 
ucT ENGINEERING for publication. 





Activities Among Technical Societies 


DRAWING TAUGHT 
BY TECHNICOLOR MOVIES 


Something new in the technique of 
teaching technical drawing has been 
developed by the Illinois Institute of 
Technology. Technicolor sound mo- 
tion pictures are being used to supple- 
ment reading in the freshman course 
in technical drawing. Special tests on 
one class have shown that where the 
movie film was used the average score 
was 82, and where reading was the 
only source of information the average 
score was 65. 

The film was produced from “Tech- 
nical Drawing,” by Henry C. Spencer, 
chairman of the Department of Tech- 
nical Drawing. Harold L. Minkler, 
instructor of technical drawing, is 
credited with being the father of this 
brainchild. Students and professors 
were the actors and the technical 
drawing faculty directed the filming. 
The Institute underwrote the cost. 


DR. J. J. GREBE AWARDED 
CHEMICAL INDUSTRY MEDAL 


Dr. John J. Grebe, director. phy- 
sical research laboratory, Dow Chem- 
ical Company, has been elected to re- 
ceive the Chemical Industry Medal 
for 1943 at a meeting of the American 


Section of the Society of Chemical In- 
dustry to be held in New York City 
in November. The medal is awarded 


annually at the discretion of the 
medal committee for valuable appli- 


cation of chemical research to indus- 
ay 

Dr. Greke invented the method for 
the extraction of bromine from sea 


water resulting in the establishment 
of a commercial plant at Wilmington. 
N. C., which has been in successful 
operation for about ten years. Work- 
ing in conjunction with Dr. E. O. 
Barstow and co-workers, Dr. Grebe 
contributed to the commercial process 
of recovery of magnesium from sea 
water. More recently. Dr. Grebe has 


led the successful development of sty- 
rene, Saran, and butadiene monomer 
and polymer production. His work on 
styrene has furnished the basis for the 
production of the major portion of 
this material for the synthetic rubber 
program. 





Meetings 


American Society for Metals—Na- 
tional Metal Congress and Exposition, 
Oct. 18-22, Palmer House, Chicago, 
Ill. 


American Society of Mechanical 
Engineers—Joint meeting of the Fuels 
Division with the American Institute 
of Mining Engineers, Coal Division, 
Oct. 28-29, Pittsburgh, Pa. Annual 
meeting, Nov. 29-Dec. 3, New York, 
ms = 


Society of Automotive Engineers— 
National Fuels and Lubricants meet- 
ing, Nov. 4-5, Hotel Mayo, Tulsa, 
Okla. Annual meeting and engineer- 
ing display, Jan. 10-14, 1944, Hotel 
Book-Cadillac, Detroit, Mich. 


Society of the Plastics Industry— 
Fall meeting, Nov. 8-9, Hotel Waldorf- 
Astoria, New York, N. Y. 
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Do You Know That- 


A SPECIAL. tough, heat-resistant steel 
necessary for a vital part of the turbo- 
supercharger that enables American 


- aircraft to fly at heights above effec- 


tive anti-aircraft fire has been de- 
veloped by a former German aviator 


of World War I. (32) 


THEORETICALLY, a three-ply panel of 
plywood should have a core equal in 
thickness to 80 percent of the thick- 
ness of the total panel. (33) 
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Free Enterprise 


WE MUST ACT TO PRESERVE Lt ie 





IKE a leaf floating downstream, we are being carried 
along toward a new and uncharted economy. What 
this new economy will be like will depend, to no small 
extent, upon what industry does or fails to do during 
the coming months. ‘Time is short; in fact, we may sud- 
denly find ourselves standing on the threshold of a 
peace economy with our war boots still on our feet. 

While bending every effort to win the war, we cannot 
afford to be caught unprepared for the peace. As Prime 
Minister Churchill said at Harvard, we are “bound, so 
far as life and strength allow and without prejudice to 
our dominating military task, to look ahead to those 
days which will surely come, when we shall have finally 
beaten down Satan under our feet and find ourselves 
with other great Allies at once the masters and the 
servants of the future.” Unless we do look ahead, there 
is danger that we may become neither the masters nor 
the servants, but merely the victims, of the future. 

The war has quickened our ailing economy and 
opened our eyes again to the possibilities of peace-time 
plenty. But it has also brought great dislocations of 
labor and capital; it has led to abnormal patterns in 
prices and income distribution; and it has created in- 
flationary pressures with enormous potential powers to 


‘injure or to help us in the transition from war to peace. 


The pattern of life in postwar America will be just 
what we make it. All of us will have a hand in shaping 
that pattern, but business men will have a special re- 
sponsibility in the reconstruction. As employers of labor 
and capital and as enterprisers assuming the risks of 
new ventures, they will have to plan and carry out the 
conversion from war work to full peace-time production. 
Because of their key role, business men have a special 
opportunity to discover, and to help others to under- 
stand, the conditions which are necessary if they are to 
do their job satisfactorily. 


W 


| 
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This is a narrow view of postwar problems but it is 
a central view, because no one.condition is more vital 
to the health of the world than a high level of produc- 
tion and employment in the United States. We cannot 
hope to lead the world out of economic chaos if we fail 
to put our own house in order. If we fail to adjust our 
domestic economy, we may destroy Adolf Hitler; but 
we will not destroy the germ that breeds “Hitlers.” If 
we do not maintain the production necessary for sup- 
porting a large volume of imports and exports, then the 
plans for international monetary stabilization, for good 
relations with our neighbors, for rehabilitation of 
stricken countries, and for strengthening the democratic 
bulwarks against dictatorship are all likely to come to 
grief. We must demonstrate our capacity for world lead- 
ership, or be content to follow the leadership of others. 

The prospects for achieving a sound and vigorous 
economy in the United States are not so good as to war- 
rant complacency on the part of men genuinely inter- 
ested in free enterprise and the political freedoms inci- 
dent to it. We have yet to find means to utilize our 
vast and abundant resources for the good of all. We 
have yet to learn how to keep men from the terrible 
experience of unemployment and the fear of want 
which makes them willing to sacrifice freedom and 
opportunity for almost any promise of security. We 
have yet to reconcile the conflicting interests of labor, 
agriculture, and business so that they can work to- 
gether effectively. We have yet to learn how to check 
the fever of inflation and cure the palsy of depression. 

When we were attacked at Pearl Harbor, we realized 
our physical peril immediately and united in a tremen- 
dous common effort against the enemy. The onset of 
economic perils is less obvious. No bombs will signal 
the deterioration of the private enterprise system, the 
extension of regimentation, the further control of busi- 








ness by government, and the concentration of political 
power in less and less responsible hands. If these things 
should befall us, they will come insidiously while we 
are preoccupied with self interests and oriented by 
popular misconceptions. If the freedoms of the indi- 
vidual shrivel as the state grows in power, it will be 
because the individual is too indifferent or complacent 
to concern himself seriously with economic problems. 
If our people are misled by false prophets and dema- 
gogues, it will be because business men did not under- 
stand economics, because scholars were too ignorant 
of practical affairs, and because we failed to produce 
economic statesmen of sufficient stature for the task 
in hand. 

Thinking is hard work. Thinking about things outside 
our personal experience, about economic processes that 
are broader and in some fundamental respects different 
from buying and selling or running a_ business — is 
strenuous mental labor. ‘Thinking straight about prob- 
lems that are beyond our personal and immediate status 
and our pocketbooks, thinking about problems that 
involve nation-wide production, nation-wide emplov- 
ment and nation-wide buying power — in other words 
the operation of our entire economic system — involves 
real self-discipline. Yet there is no other way to safe- 
guard our freedoms. We cannot rely on trial and error; 
tinkering takes too long; social experiments which turn 
out wrong can be undone only at great cost — if at all. 
If we proceed blindly, we shall flounder into an eco- 
nomic and political morass from which we cannot 
escape. 

We floundered badly all through the Thirties, until 
the war lifted us temporarily to higher ground. When 
the war boom is over, we shall be back floundering 
worse than ever unless we find a solid road along which 
to proceed. 

America has grown rich and strong under a system 
of political and economic freedom. Opportunity and 
the necessity of self-reliance have brought forth great 
accomplishments. ‘The hope of profit and the spur of 
competition have urged men on to find new and better 
products, new and better methods, and to risk their 
Savings in pioneer investment. Never has a country 
achieved so high a standard of living and afforded so 
large an opportunity for the individual man and wo- 
man. It is not surprising that some distinguished busi- 
ness leaders, looking back over their own experience, 
tell us that everything will be all right if only there is 
“less government in business.” 

I wish the solution were as simple as that. However 
this is only part of the answer. It is becoming in- 





creasingly clear that industrial capitalism as we know 
it contains within itself certain fundamental weaknesses 
which can lead to its destruction if they are not coun. 
teracted. No democracy can survive when twenty to 
thirty per cent of its workers cannot get jobs. That 
happened here in the Thirties. F’or years on end, despite 
fumbling efforts at recovery one out of every five work. 
ers was denied a chance to earn a living in private busi- 
ness. We shall never again have such mass unemploy- 
ment as occurred in the bottom of the Depression, 
because the government will take it upon itself to 
create jobs if business cannot offer them. Whenever 
that happens, however, the area of private enterprise 
will be reduced and that of government will be ex. 
panded — and the concentration of political power will 
be increased. This is the challenge we business men 
face today, and ours is the first opportunity at finding 
the solution. 

The crux of our economic problem is unemplovment. 
Unless there are jobs for ninety to ninety-five per cent 
of those who are able and willing to work, there will be 
widespread fear and lack of opportunity, which will 
drive labor unions, agricultural groups, and_ business 
interests to take self-protective measures. Such measures 
are certain to restrict production, stifle progress, and 
imperil our democratic way of life. Not all our problems 
will automatically be solved if we learn how to avoid 
mass unemployment, but they will at least then have a 
good chance of solution. 

And so American businessmen face a great respon- 
sibility! We will have to find the answer to a great 
many momentous questions. We will have to delve 
into problems that cannot be solved by precedent. 

Looking backward to these times, future historians 
are likely to say that here we Americans stood at the 
crossroads and, consciously or not, made our choice 
between a system of private enterprise and_ personal 
freedom anda system of collectivism and regimentation. 

It is particularly appropriate, therefore, as the prob- 
lems of our time take shape and as events rearrange 
their order and importance, to appraise the steps we 
are taking and point the way we are going. It is my 
plan to present such analyses from time to time to the 
one-and-a-half million readers of McGraw-Hill publi- 
cations. 





President, McGraw-Hill Publishing Company, Inc 
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Books and Bulletins 





Principles of Electronics 


Royce G. KLorFFLER—176 pages, 
6x9 in. Blue clothboard covers. Pub- 
lished by John Wiley & Sons, Inc., 
440 4th Ave., New York, N. Y. Price 
$2.50. 


Although a number of new books 
have been published recently on the 
subject of electronics, most of the 
authors in an effort to give a complete 
picture, presented the facts aided by 
the necessary mathematical _ state- 
ments. This tended to complicate the 
picture for one devoid of any elec- 
tronic background. 

The book by Prof. Kloeffler of 
Kansas State College, is an outgrowth 
of a course given to sophomore stu- 
dents for the past twelve years. 

For one who wants an understand- 
able picture of electronics, and some 
of its applications, without becoming 
involved in formulas and information 
for the designer, “Principles of Elec- 
tronics,” is strongly recommended. 
The text is easy to follow, and the 
illustrations are well chosen. 


Germany's Master Plan 


Joseph Borkin AND CHARLES A. 
WetsH—339 pages, 5%4 x 8 in. Black 
clothboard covers. Published by 
Duell, Sloan & Pearce, Inc., 270 Madi- 
son Ave., New York, N. Y. Price 
$2.75. 


Germany’s army lost the World 
War, but her industrialists won the 
Versailles peace and immediately em- 
barked on a program to control, 
through the media of patent owner- 
ship and international cartels, activi- 
ties of key industries in the 
democratic countries. The description 
of how this control was established 
and its consequent effects on the 
American economy make up this very 
interesting book. There is nothing in 
the volume that will be useful to an 
engineer in his daily work; but any- 
one who is interested in the develop- 
ment of metals and chemicals, particu- 
larly, in this country will find much 
background material that offers food 
for thought on the problems of the 
future, A large amount of space is 
given over to the condemnation of 

erican corporations who partici- 


pated in these cartels and the authors 
make many statements that are con- 
troversial. In fact, the book seems to 
follow the general ideas of Thurman 
Arnold on cartels and patents. Mr. 
Arnold, incidentally, wrote the intro- 
duction. 


Die Engineering Layouts 


And Formulas 


C. W. Hinman—497 pages, 6x9 in. 
Blue clothboard covers. Published by 
McGraw-Hill Book Co., 330 West 42nd 
St., New York, N. Y. Price $5. 


In this volume are presented the 
basic mechanical principles of assem- 
bled die designs with their operating 
details, and the mathematical formu- 
las for laying out the assembled die. 
About 400 drawings and photographs 
are used to illustrate the text. Ap- 
proximately 90 percent of the key 
designs used in tools for presswork 
are described. Chapters of current 
interest deal with drawing shells; 
fabricating aircraft parts; hydrostatic 
dies; forging, coining, swaging and 
extruding. There is also a chapter on 
welding to show how brazing and 
welding are used to produce certain 
types of units which would otherwise 
be impossible to make in any number 
of individual drawing or forming oper- 
ations. The concluding chapters com- 
prise 37 pages of tables and charts of 
useful information for designers and 
tool engineers. 


Analytic Mechanics 


S. D. CHAmsers and V. M. Fatres— 
375 pages, 6x9 in. Red clothboard 
covers. Published by Macmillan Co., 
60 Fifth Ave., New York, N. Y. Price 
$3.75. 


This textbook is planned for use in 
teaching analytic mechanics to college 
students, yet the explanations are com- 
plete enough and sufficiently specific 
for mastery by anyone who has a 
knowledge of calculus. Line drawings 
are used generously throughout the 
book to illustrate subject matter and 
numerous problems. In the treatment 
of the various divisions of the subject 
use is made of both graphic and 
algebraic methods. The book is a 


PRopuct ENGINEERING — Octoser, 1943 


completely rewritten edition of “Me- 
chanics of Engineering” by S. D. 
Chambers. Explanations and discus- 
sions of topical subjects have been 
made more complete. 


Alternating Current Circuits 


EartE M. Morecock—175 pages, 
6x9 in. Green clothboard covers. Pub- 
lished by Harper & Brothers, 49 E. 
33rd St., New York, N. Y. Price $2.75. 


This is one of a series of textbooks 
prepared by the faculty of Rochester 
Athenaeum and Mechanics Institute. 
The author assumed that those who 
will use the book will have a working 
knowledge of algebra and trigonome- 
try, and will have an understanding ot 
direct current and magnetic circuit 
principles. 

Material is arranged to cover al- 
ternating current waves and quanti- 
ties; vectors and complex quantities; 
single-phase systems; polyphase sys- 
tems. Answers are given to the many 
problems that are given at the end of 
each chapter. 


Lectures on Machine Design 


Lewis F. Moopy—75 pages, 84x 
1034 in. Paper covers. Copyright by 
author. On sale at the Princeton Uni- 
versity Store, Princeton, N. J. Price 


$1.75. 


Collection of lectures reproduced in 
lithoprinted form in which are de- 
scribed the important factors which 
should be considered in the design 
of machine elements. The author re- 
views the strength of material formu- 
las as stated by accepted authorities. 
Then, after a brief analysis of condi- 
tions imposed by loading, he proceeds 
with the derivation of the formulas to 
be applied in designing the part under 
discussion. A few of the subjects in- 
cluded are tension members, curved 
beams, rings, columns, shafts and 
their critical speeds, parts subjected to 
combined tension and compression in 
perpendicular planes, thick cylinders 
and shrink fits. 


Engineering Problems 
Illustrating Mathematics 


Joun W. Cett—172 pages, 6x9 in. 
Blue clothboard covers. Published by 
McGraw-Hill Book Co., 330 West 
42nd St., New York, N. Y. Price $1.75. 


This book is a project of the Mathe- 
matics Division of the Society for the 
Promotion of Engineering Education 
and consists of 511 problems. illus- 
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trating the use of college algebra, 
trigonometry, analytic geometry, dif- 
ferential calculus, and integral cal- 
culus in the solution of engineering 
problems. Methods of solving the 
problems are not included in the book, 
but answers are given so that the re- 
sults can be checked for accuracy. 
Problems are selected from the fields 
of aerodynamics, aeronautics, elec- 
tricity, machine and structural design, 
thermodynamics, chemistry. statistics, 
dynamics, hydraulics and kinematics. 


Chemistrv of Engineering 


Materials 


Rosert B. LeicHou—Fourth edi- 
tion. 645 pages, 6x9 in. Clothboard 
covers. Published by McGraw-Hill 
Book Co., 330 West 42nd St., New 
York, N. Y. Price $4.50. 


One of the International Chemical 
Series, this volume contains much in- 
formation of value to engineers and 
designers who are interested in the 
chemical properties of engineering 
materials. Throughout the book em- 
phasis is placed on the properties of 
materials rather than upon processes 
of manufacture. All parts of the text 

‘have been rewritten to conform with 
recent developments which affect the 
properties of both old and new mate- 
rials.) New chapters are devoted to 
abrasives. glass. organic plastics, syn- 
thetic rubbers. organic coatings, glues, 
adhesives and insulating materials. 
Engineers with a knowledge of ele- 
mentary chemistry will have no diffi- 
culty understanding the data pre- 
sented and applying them to the effec- 
tive selection and use of engineering 
materials. 


Mechanics of Aircraft 
Structures 


Joun E. Youncer—Second edition. 
396 pages. 6x9 in. Blue clothboard 
covers. Published by McGraw-Hill 
Book Co., 330 West 42nd St., New 
York, N. Y. Price $4. 


Published formerly under the title 
“Structural Design of Metal Air- 
planes,” about 60 percent of the pres- 
ent edition is new. The text is con- 
fined chiefly to an analysis of the 
forces and stresses which are imposed 
on the various structural components 
of aircraft. with only a small portion 
of the book devoted to the broad field 
of design. About one-half of the book 
is given over to design requirements, 
materials, basic formulas, properties 
of sections, structural analyses, beams, 
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columns and torsion members. This 
is followed by chapters covering the 
analytical design of structures pe- 
culiar to aircraft and the problems 
which the designer encounters. The 
author includes much data in the form 
of charts and tables which add to the 
value of the book as a reference 
manual. 


Secretary to the Eng‘neer 


Queena HazEtton —309 pages, 
534x8 in. Cardboard covers. Pub- 
lished by McGraw-Hill Book Co., 330 
West 42nd St., New York, N. Y. Price 
$1.75. 


By means of 37 lessons, Gregg 
shorthand outlines of numerous tech- 
nical words and phrases are compiled 
in this publication. Most of the les- 
sons consist of preview ontlines of ex- 
pressions, followed by dictation exer- 
cises. Shorthand forms for technical 
terms and phrases used in mechanical, 
electrical, chemical - metallurgical, 
structural and civil engineering are 
covered. Secretaries will find this 
book helpful in hecoming familiar 
with terms used frequently in engi- 
neering fields and in develoning short 
forms for difficult or unfamiliar words 
and expressions. 


Handbook of Plastics 


Hersert R. Stmonps, CARLETON 
Etuis and M. H. Bicetow—1.082 + 
XXVIII pages, 634 X 9% in. Green 
clothboard covers. Published by D. 
Van Nostrand Co., 250 Fourth Ave., 
New York, N. Y. Price $10. 


This comprehensive reference text, 
which has been in preparation for sev- 
eral years, presents in one volume a 
vast amount of information on plastics 
materials, chemistry, processing and 
design. The authors were guided by 
an advisory committee of representa- 
tive technical men chosen from the 
plastics industry. The book is designed 
to present the fundamental technology 
of the industry. Data is presented in 
nine major sections covering the pres- 
ent state of the industry, physical and 
chemical properties. production, fabri- 
cation and design. A complete appen- 
dix includes a chemical glossary, 
bibliography, trade-names and manu- 
facturers, and a name index, in addi- 
tion to the general index. 


= * e ; 


Tremendous Trifles 


Published by Production Service 
Branch, Ordnance Dept., The Pentagon, 
Washington, D. C. 


How the U. S. Army Ordnance Dept. 
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stimulated war production through th 
conversion system is described in a serie, 
of booklets, of which this one is of cop, 
siderable interest to design engineers, It 
is a compilation of savings in manpower 





and materials by redesigning parts. The p 
examples given are onlv a very few of the | 


thousands of prize-winning sucgestions, 
but they serve to indicate how American 
ingenuitv in cooneration with the Ord. | 
nance Dept. broke numerous hottlenecks | 
that would have seriously affected the 
prosecution of the war. 


Stronger Tin Alloys 5 


W. T. Perr-Watporr. Published by 
Tin Research Institute, Fraser Road, 
Greenford, Middlesex. England. 


Results of examination of tensile prop § 
erties of a series of tin-antimony-cad.— 


mium alloys after quenching and pro. 
longed tempering treatments are given 
in this paper. Improved tensile strength 


is shown after quenching from the high & 


est practicable annealing temperature 
followed by prolonged tempering at 14 
deg. C. The best allov from this point of 
view contains 9 percent antimony, 15 
percent cadmium, balance tin. The ten 
sile strength of this allov reaches 6 tons 
per sq. in. as quenched and_ tempered, 
and this strength is retained at 140 deg. 
This temperature was chosen for special 
investigation as being near the maximum 
at which tin-base hearings may have te 
operate continuously. 


Carbon, Graphite and Metal-Graphite 
Brush Standards 

Published by National Electrical Maw 

ufacturers Association, 155 East 44th St, 

New York, N. Y. 16 pages, 8 X 10} in. 


Price 25 cents. 


Superseding the bulletin issued in 1934, 
this one covers standard dimensions and 
tolerances for carbon, graphite and metal. 
graphite brushes and standards for asso- 
ciated parts, such as shunt cables, clips 
and connections. A section is devoted to 
definitions for brushes. These standards 
should be helpful in dealing with all 
kinds of rotating electrical machinery, 
both a.c. and d.c. 


Spot and Seam Welding 
Of Low-Carbon Steel 


Published by American Welding So- 
ciety, 33 West 39th St., New York, N. ¥. 
4 pages, 6 X 9 in. Price 10 cents. 


This bulletin describes recommended 
practices for the spot and seam welding 
of low-carbon steel. The data was com: 
piled by canvassing about 60 fabricators 
of mild-stee] structures and_ resistance 
welding equipment manufacturers and 
is intended to meet the needs of the Navy 
and War Departments and those in indus 
try engaged in the production of wat 
matériel. The bulletin is composed ¢ 
sentially of two charts—one each for spot 
and seam welding—together with 2 
explanation of their use. 
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NEW MATERIALS AND PARTS 





Automatic Stop Valve 


Designed for use on air or gas 
pressure lines, a stop valve automatic- 
ally shuts off the flow when pressure 
falls to a preset point because of a 
fracture or leakage in the line. The 
valve must be reset manually before 
the flow is resumed. Operation can 
be on rate of flow, differential pres- 
sure or direct static line pressure. A 
300-lb. valve may be set to operate 





at any pressure from 5 to 300 Ib. 
The stop puint is established by pre- 
setting the desired shut-off pressure 
in the dome. Grove Regulator Co., 
65th and Green Sts., Oakland 8, Calif. 


Fluorescent Lamp Ballast 


Exposed mounting on fluorescent 
lamp fixtures of an air-cooled type 
ballast eliminates the necessity for 
housing the ballast and other accesso- 
ries, Because of the exposed installa- 
tion, the ballast is said to operate at 
lower ambient temperatures than in- 





closed type ballast. The units are 
available in approved ratings from 
40 to 100 watts for single-, two-, 
three- and four-lamp fixtures. Acme 


Electric & Mfg. Co., Cuba, N. Y. 


Drip-Proof Induction Motor 


Maximum protection against chips 
and filings, dripping or splashing 
liquids is the purpose of the design 
of the Type RS drip-proof induction 
motor, available in sizes from % to 
75 hp., two or three phase. It is 
adaptable to locations where a totally 
inclosed motor is not needed. The 
units are equipped with heavy-duty 





ball bearings, heat-treated ground 
shafts, dynamically balanced rotors 
and heavy rugged frames, and the 
phase insulation is varnished duck. 
Lima Electric Motor Co., 1901 Findley 
Rd., Lima, Ohio. 


Supercharged Hydraulic 


Pump 


Pressure in the 3,000 lb. range is 
developed by a supercharged, combi- 
nation high-and-low pressure, oil-hy- 
draulic power unit, called Hi-Po. The 
pressure is developed by a %4-hp. 
motor using a supercharger to pre- 
load the piston chamber, reducing pul- 
sation to a minimum. Pump and 
motor are mounted on the oil reser- 
voir, which uses S.A.E. 20 motor oil 
as the pressure medium. Low-pres- 
sure by-pass control having a range 
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up to 300 lb. is built into the pump 
body. High and low pressure can 
be controlled individually on the 
power lines or through automatic con- 
trol. Anker-Holth Mfg. Co., Port 
Huron, Mich. 


Motor-Alternator Sets 


Ratings up to 5 kva., single phase, 
are available in a line of two-bearing, 
3,600-r.p.m. motor-alternator sets for 
converting d.c. to a.c. In general, 
these include many applications which 
required a.c., such as radio and other 
electronic equipment of standard a.c. 
design. The d.c. motor of the set 
drives the alternator which has a field 
connected in series with the motor 
armature. An increase in the alter- 
nator load causes an increase in the 
motor load, so that increased d.c. is 
drawn from the line. This greater 
d.c. current strengthens the alternator 
series field, tending to maintain a 
constant a.c. voltage. The motor and 
alternator are similar in that the arm- 
ature windings are on the rotating 
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elements and the fields are stationary. 
A solid shaft, supported by a ball 
bearing at each end, serves as a 
mounting for the rvtating members. 
The rotating unit can be removed 
from the stator by removing an end 
shield. General Electric Co., Sche- 
nectady, N. Y. 


Beam Compass 


Micrometer adjustment at the pivot 
point to set the measurement to ap- 
proximately 0.001 in. is a feature of 
the No. 10 beam compass available 
with an 18-in. or longer bar. The 
pivot pin is a phonograph needle held 
by a nut with the hole having an 
equivalent taper. The chuck pencil 
holds standard lead or can be re- 
placed with a steel point for scribing. 





In addition, a clip can be fastened 
anywhere on the bar to hold a ruling 


pen, pencil or scriber. Mark Spe- 
cialty Co., 406 Temple Bldg., Roches- 
ter 4, N. Y. 


Selector Switch 


Snap action and other features have 
been incorporated in the design of a 
recently perfected aircraft selector 
switch. Known as Cam-Snap Rotary 
Tap Switch. the unit is made with 
from one to four primary circuits and 
twelve secondary circuits. Applica- 
tions include pilot-compartment heater 
control, wing-flap control and cowl- 
flap control. Opening and closing of 
a circuit is accomplished within 3 or 
4 deg. motion of the cam. Current 
rating for 50.000 operations is 10 
amp. at 29 volts, inductive load. The 
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switch can be operated singly or in 
gang by a single shaft. The shaft 
is serrated, but can be fzrnished in 
hex or square design. Any type of 
cam-operating member can be incor- 
porated, All circuits have screw ter- 
minals. The weight is 3 to 4 oz. 
and the switch fits standard instru- 
ment mountings. The case is inclosed 
and is made of macerated phenolic 
material. Paul Henry Co., Los Ange- 
les, Calif. 


Electronic Temperature 
Indicator 


Temperatures ranging from —100 
to 1,000 deg. C. can be measured with 
an accuracy of +2 percent with the 
Norelco electronic temperature indi- 
cator. Five pairs of terminals for five 
thermocouples are provided, any one 
of which can be switched into the 
circuit so that the temperature at five 
different points can be read. Since 
the connecting wires between the 
thermocouple and the instrument 
carry only the fractional voltage from 
the thermocouple, no special provi- 
sions for insulation are necessary. 


thermocouple 


lengths of 
leads do not affect the calibration. 
The instrument can be operated with 
as much as 100 ft. of connecting wire 
between the thermocouple and the in- 


Varying 


dicator. A switch on the front panel 
allows selection of three temperature 
ranges. The indicator is designed in 
a standard radio relay rack and panel 
built into a metal cabinet with black 
crackle finish. The weight is 24 lb. 
and construction is such that ordi- 
nary building vibrations will not af- 
fect accuracy. North American Philips 
Co., Industrial Electronics Div., 419 
Fourth Ave., New York, N. Y. 


Pneumatic Atomizing Nozzle 


Close control of atmospheric con- 
ditions in processes is a feature of an 
improved Type JHS pneumatic atom- 
izing nozzle. In this unit, water and 
compressed air are mixed externally 
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4 WATER 


to produce a round spray which is 
projected from 10 to 20 [t., depending 
on the air pressure used in the hu. 
midifying system. The nozzle is a 
complete unit and can be adapted to 
almost all types of installations. Two 
Monel strainers are included. All 
parts are machined otf brass and 
white coated, and each part is re 
newable. Spraying Systems Co., Chi- 
cago, Ill. 


Twin-Thread Screw 


Known as Twin-Fast, a patented 
screw for wood, plastic and combina 
tion assemblies consists of two paral- 
lel threads which start at opposite 
sides of the shank and terminate ina 
single centered point. This construe 





tion is said to make possible a greater 
thread pitch than the conventional 
screw with a consequent increase 


driving speeds. The standard num- 
ber of threads per inch are used. 
The screws are cylindrical in contour 
and are self-tapping. The point is 
formed by the meeting of the twin 
threads at the axial centers. An addi- 
tional feature is the relieved shank 
diameter. The screws are available 
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in all standard sizes in steel and 
brass with round, flat and oval heads. 


Blake & Johnson Co., Waterville, 
Conn. 

Protective Film 
Blueprints, tracings, charts and 


other papers used in drafting rooms 
can be protected with a plastic film 
called Presto-Seal. This is a thin, 
flexible, transparent film that adheres 
to numerous surfaces and resists 
moisture, dirt and grease. Pencil, 
ink, crayon or typewriter can be used 
to write on the surface, and such 
marking can be erased or wiped off 
with a damp cloth. Torn blueprints 
or tracings can also be repaired with 
this film. The material comes in rolls 
and, after being cut to size, is applied 
by stripping off the backing and 
pressing the film down firmly on the 
surface to be covered. Arthur Brown 
& Bro., 67 W. 44th St., New York, 
N. Y. 


Lubrication System 


Multiple-valve blocks serving two 
to ten bearings, and lubricant lines 
to individual points are features of 
the improved Multival system.  Fit- 
tings accommodate virtually any type 
of bearing connection. The system is 
designed to lubricate all bearings, re- 
gardless of location or condition, on 
machine tools and similar equipment. 
Qil or grease under pressure is de- 
livered to the distributing block by a 





manually or power-operated portable 
gun. Delivery of each measuring 
valve can be adjusted. A tell-tale on 
each valve piston indicates whether or 
not the lubricant is being delivered. 
Farval Corp., Cleveland, Ohio. 


Transmissions Have 


Left-Hand Output 


Flexibility of application to take 
care of unusual mounting problems is 
provided with transmissions that have 
left-hand output. Two models are 
available—the Master. ranging from 
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1 to 5 hp., and the Major, ranging 
from 5 to 10 hp. Western Manufac- 
turing Co., 3400 Scotten Ave., Detroit, 
Mich. 


Self-Indexing Turret 
Attachment 


Six tool stations and six individual 
stops indexing with the turret feature 
a self-indexing turret attachment. The 
turret head is mounted on a preloaded 
bearing which can be adjusted for 
wear. Ways are hand scraped. The 
attachment is lever operated and has 
a maximum stroke of 4 in. with a 
minimum index stroke of 114 in. and 
a total travel, including the index, 
of 5% in. Index bushings and lock 
pins are of hardened and ground tool 
steel. Back indexing may be done by 
hand when using less than a full 
set of six tools. Kessler Aero Tool 
Co., 211 W. Palm Ave., Burbank, 
Calif. 





Sealing Tapes 


Chromseal, Fabseal and Stratoseal 
are the names given to three new seal- 
ing tapes. Chromseal is meant for 
rapid application and can be used as 
a gasket material between riveted or 
bolted surfaces as well as a sealant 
for plastic inclosures and glass cock- 
pit framing. It is gasoline resistant 
and oil and waterproof. The tape is 
available in 0.015-, 0.025- and 0.062- 
in. thicknesses and widths from 4% to 
24 in. in 50-ft. rolls. Fabseal is a 
caulking material for use between 
riveted or bolted surfaces which may 
be subjected to considerable vibration 
or racking stresses. It is an impreg- 
nated fabric tape and is recommended 
for use in the construction of flying- 
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boat hulls, aircraft floats, pontoons, 
fuel tanks which are part of the wing 
structure, and subject to landing 
stresses and clinker-built marine craft. 
It is water, gasoline and oil proof and 
is available in 0.015-in. thickness and 
in widths from ¥% to 16 in. in 50 ft. 
rolls. When compressed between 
riveted or bolted surfaces it is 0.01 
in. thick and can be doubled up when 
additional thickness is desired. Strato- 
seal tape was developed for pressur- 
ized cabins for high altitude flying. 
It is applied between faying surfaces 
or over the inside surface of joints. 
The tape remains flexible at —70 
deg. F. and resists temperatures up to 
150 deg. F. It can be applied in 
thicknesses of 0.010, 0.015 and 0.025 
in. and in widths from ¥% to 24 in. 
in 50 ft. rolls. Pittsburgh Plate Glass 
Co., Industrial Paint Div., Pittsburgh, 
Pa. 


Aircraft Relay 


Lightweight, power and sensitivity 
are features of the Bantam relay for 
use in aircraft instruments. The unit 
is available in one- to six-pole con- 
struction and in standard front-con- 
nected, screw-terminal, solder-lug, 
eyelet or switchboard meunting. Coil 
and shading pole assembly are in one 
unit. If desired, the relay can be 
treated to withstand extreme humidity 
conditions. Kurman Electric Co., De- 
partment AE, Long Island City 1, 
N. Y. 





Small Coolant Pump 


Dependable flow of coolant to small 
machines such as hand mills, surface 
grinders, internal grinders, drill 
presses and tapping machines is the 
purpose of a small size seal-less cool- 
ant pump less than 16 in. high. 
Known as Model MVBD, the pump 
has three outlets which permit a 
choice of piping to right, left or back 
into the coolant sump through the 
intake bracket. The unit can be 
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mounted on the outside of the coolant 
tank or machine pedestal. Single- 
phase, heavy-duty motors are mounted 
integral with the pump body and have 
inclosed ball bearings. Pioneer Pump 


& Mfg. Co., Detroit, Mich. 





Thermoplastic Coating 


For use on metal, concrete or wood 
a thermoplastic coating compound, 
called Amercoat No. 33, has been de- 
veloped. It is a liquid y-lastic which 
is applied cold by spray or brush. 
Any number of coats required can be 
used. The material is described as a 
combination of inert synthetic resins. 
American Pipe & Construction Co., 
P. O. Box 3428, Terminal Annex, Los 
Angeles, Calif. 


Rust Preventive 


Prevention of rust is the purpose 
of Rust Veto 110A, a light amber- 
colored liquid applied by brush or 
spray. It dries in 25 to 30 min. to a 
glossy transparent film approximately 
0.0003 in. thick. The film is hard, 
yet fiexible at temperatures as low as 
—70 deg. F. Flashpoint of the ma- 
terial is 110 deg. F. When dry the 
coating is non-inflammable. E. F. 
Houghton & Co., 303 W. Lehigh Ave., 
Philadelphia, Pa. 





Manufacturers’ Publications 





Plastics—E. I. du Pont de Nemours & 
Co., Arlington, N. J. Handbook, 32 
pages. Properties, characteristics, 
working procedures and typical appli- 
cations of Plastacele cellulose acetate 
sheets are interestingly presented with 
a view to post-war uses of the material. 


Electronics—General Electric Co., 
Schenectady, N. Y. Booklet GEA- 
4116, 24 pages. Eight basic types of 
industrial electronic tubes and their 
uses are described in this non-tech- 
nical primer, 


Research—National Association of 
Manufacturers, 14 W. 49th St., New 
York 20, N. Y. Booklet, 20 pages. 
This is a report of a random sampling 
of new products and processes and is 
intended to encourage industrial re- 
search as a tool for the creation of 
post-war jobs and better living. 


Connectors—Cannon Electric Devel- 
opment Co., 3209 Humboldt St., Los 
Angeles 31, Calif. Bulletin DP, 28 
pages. Description and application of 
Type DP rack and panel electrical 
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connectors for such uses as radio, in- 
struments, aircarft, tanks and pipe 
organs are covered, including sketches 
and tabular data. 


Instruments—Bristol Co., Waterbury, 
Conn. Bulletin DM006. General in- 
formation is given on air- and electric- 
operated controllers, recorders, indi- 
cators, and telemetering recorders and 
instruments. 


Pumps—Watson-Stillman Co., Roselle, 
N. J. Bulletin 250-A, 8 pages. Included 
are a full-scale sectional drawing and 
tables of dimensions and specifications 
for Stediflo pumps. 


Quartz—General Electric Co., Lamp 
Dept., Nela Park, Cleveland 12, Ohio. 
Booklet, 16 pages. Properties and 
characteristics of fused quartz are 
thoroughly covered and examples of 
forms in which it is available are illus- 
trated. 


Synthetic Rubber—Stanco Distribu- 
tors, Inc., 26 Broadway, New York, 
N. Y. Manual, 100 pages. Latter part 





of this manual deals with properties, 
characteristics and uses of Perbunan, 
one of the buna rubbers. 


Floats—Chicago Float Works, Ine, 
2330 S. Western Ave., Chicago 8, Il], 
Catalog, 20 pages. Various shapes 
and sizes of metal floats are described 
and applications indicated, along with 
other fundamental data. 


Heat Transfer—Young Radiator Co, 
Racine, Wis. Catalog 143, 8 pages, 
Equipment for various heat-transfer 
applications is illustrated and de. 
scribed. 


Air Devices—Mead Specialties Co., 15 
S. Market St., Chicago 6, Ill. Catalog, 
24 pages. Cylinders and other devices 
for the use of air in the control of 
machinery are reviewed. 


Plastics—Rohm & Haas Co., Washing. 
ton Square, Philadelphia, Pa. Booklet, 
96 pages. Second in a series of tech. 
nical booklets covering properties of 
Plexiglas cast acrylic sheets, this one 
discusses mechanical properties in de- 
tail. 


Instruments—General Electric Co. 
Schenectady, N. Y. Booklet GET. 
1173, 20 pages. Characteristics of 
electric instruments, what makes them 
operate and the individual limitations 
of the various types are discussed. 


Motors—Lima Electric Motor Co., 
Lima, Ohio. Catalog, 12 pages. Gear- 
shift drives, electric motors, electric 
grinders and polishing lathes are de- 
scribed. 


Plastics—Continental - Diamond Fibre 
Co., Newark, Del. Engineering Data 
Bulletin, 16 pages. Properties, char- 
acteristics and uses of seven non- 
metallic materials are presented from 
the standpoint of product design. 


Bearings—Ahlberg Bearing Co., 3062 
W. 47th St., Chicago 32, Ill. Booklet, 
32 pages. Principles of anti-friction 
bearings are described and each type 
is covered separately in detail, with 
numerous illustrations used for clar- 
ity and simplicity, 


Motors and Controls—Electrical De- 
velopment Dept., Kollsman_ Instru- 
ment Div., Square D Co., 80-08 45th 
Ave., Elmhurst, N. Y. Catalog, 24 
pages. Source and design informa- 
tion is presented on such miniature 
motors and control devices as rotat- 
able transformers, drag-cup motors, 
two-phase generators and remote in- 
dicating devices. 
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\CE BOOK SHEET 


Helical Compression Springs 


CARL P. NACHOD, Nachod & United States Signal Company, Inc. 


RADIAL CHART gives the properties 
of helical steel compression springs 
by lines projected perpendicular and 
parallel to a vertical axis. With load 
P and index ratio r, the maximum 
fiber stress S can be found by drawing 
three lines, like those shown with 
dashes, on the right half of the chart. 
Thus, if P equals 20 lb., r equals 8, 
that is, the mean diameter D of the 
turn is 8 times the wire diameter d, 
and the latter is 0.09 in., then the fiber 
stress S is shown to be 60,000 lb. per 
sq. in. Also by drawing three lines on 
the left half of the chart, with S equal 
to 60,000 lb. per sq. in., d equal to 
0.09 in., and r equal to 8 as before, 


the deflection per turn f is seen to be 
0.08 in. The chart is based on the well 
known Reuleaux formulas. The fiber 
stresses shown include the Wahl fac- 
tor, which is the multiplier for the in- 
creased stress caused by the shorter 
turns, and which varies from 1.4 to 
1.15 for r from 4 to 10 respectively. 
The polar curve in the lower left quad- 
rant in the basic maximum allowable 
fiber stress, varying from 100,000 to 
140,000 Ib. per sq. in., for music wire 
steel in which the torsional modulus 
of elasticity G is 1114 million lb. per 
sq. in. 

Other values for the spring specified 
can be easily calculated. 


Mean spring diameter 
D = rd = 072 in. 
O.D. and I.D. are respectively 
D+d= 0.81, ani 0.63 
Total compression F, say for 20 active 
turns n, is fn equals 1.6 in. Spring rate 
R = P/fn = 125 lb. per sq. in. 
Allowing 10 percent of d for minimum 
space between turns, compressed 
length 
lL = 11d (n + m) = 2.23 in. 
where m is the number of dead turns 
at the ends, as computed by the au- 
thor’s formula 
m=r/4+1/2 = 25 turns 
Free length L =1 + F = 3.83 in. 








0.20+ 
018+ 
0.16 
0.144 
0.12- 
0.10 7 


f Deflection per Turn, In. 


| 
z 


















4 0.044 
27 
| 
| 
| 
ire 
ged . 0.18 
0.16 
702 0.15 
| 0.14 
0.18 cS > 0.13 
a . E] is 
§ P oO 
vie E * S| 0.11 
0.13 3, 3 
0.12 XO G r 
0.11 Cer, | HY 0.10 
“85 . 
0.10 a) 
u | 





Q09 0.08 007 006 005 004 003 002 001 


Propuct ENGINEERING ~- OcToBErR, 1943 


0.03 0.04 0.05 0.06 





0.07 0.08 0.09 











Nomograph for Helical Springs 


JUDSON S. SWEARINGEN, University of Texas 


SPRINGS are frequently used for ap- 
plying a “constant” force within limits 
over a considerable distance. The nar- 
rowness of these limits determines the 
size of the spring if the metal stress in 
shear is not to be disregarded. The 
dimensions of such a spring can be 
readily obtained with the help of the 
accompanying nomograph. 

Problem: A spring to fit inside a 
21% in. tube must apply a force WV not 
greater than 300 lb. nor less than 225 
lb. through a distance of 0.5 in. The 
metal stress S in shear should be less 
than 23,000 lb. per sq. in. Design the 
spring. 

Solution: By the linear law when 
load W equals 300 Ib. the spring must 
be compressed a distance Al, and since 

300/Al = (300 — 225)/0.5 
_ 309 X 0.5 
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= 300 
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= 150 


S 23 
a7 
Assume average spring diameter 

(D —d) =2 in. 

Then a line projected on the chart 
from point 2.0 on the (D —d) scale, 
through point 1.15 X10‘ on the 
(S/Al) scale, will intersect the 
(n/d) scale at point 80. Another line 
projected from point 80 on the (n/d) 
scale through point 150 on _ the 
(W/Al) scale will intersect the 
(D/d) scale at point 6. Then from the 
relations 

D —d = 2, and D/d = 6 
it is found that 
d = 0.4in., and D = 2.4 in. 


This agrees with the requirement 
that the spring fit inside a 21% in. tube. 


= 11,500 = 1.15 xX 10 





Spring Strength and Shear Stresses 


S/AlL 


S 


Formulas and data 
forming basis of chart: 
W/Al = d*E/8n(D-d)* 
W = 9Sd*/8(D-d) 
E,= 11.5x10° for steel 
In shear 
E,= 63%x10° for phosphor- 
bronze in shear 
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Round wire: 

n = number of turns 

d = dia. of wire, in. 

D = 0.D. of spring, in. 

W = load, Ib. 

S = maximum fiber stress 
in shear, |b./sq. in. 

Al= elongation ( or com- 
pression ), In. 


S/A\ and W/Al are both 
proportional to E 
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Number of turns n in the spring is 
n = 80d = 80 X 04 = 32 turns 
Spring in the compressed state, con- 
sidering only the diameter of the wire, 

is at least 
32 X 0.4 = 12.8 in. long 

Frequently the use of rectangular 
wire is necessary to get extreme re- 
sults in limited space. In this case the 
chart can be used if the size of round 
wire that would give similar results is 
applied. In considering the scale of 
the spring in pounds per inch, the re. 
lation between the dimensions of the 
rectangular wire, expressed as a and 
b, and of the equivalent round wire 
of diameter d is based on the equival- 
ence of the moments of inertia of the 
cross-sections which simplifies to the 


relation 
*T8ab P 
d -y 7" t" 


The spring of rectangular wire and 
the equivalent spring of round wire 
must have the same average spring 
diameter. The outside diameter of 
each is determined by simply adding 
one thickness of the wire to the aver- 
age diameter of the spring. 

In considering the stress in the’ 
metal in pounds per square inch per 
inch elongation (or compression) of 
the spring, (D—d) is still the aver 
age diameter of the spring but d in 
n/d is the maximum dimension (diag: 
onal) of the cross-section of the wire. 


Approximate Limiting Values 
for S (1b. per sq. in. in shear) 





Limited | Indefinite 
Spring Material Life Life 





Heat-treated 
special steel 50,000 | 30,000 


to 100,000 | to 60,000 


Steel spring wire 
(spring 
wound wire) 


Phosphor bronze 
spring wire 
(spring 
wound_cold) 





20 ,000 
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